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CERTI FICATION

Hewlett-Packard Company certifies that this instrument met its published specifications
at the time of shipment from the factory. Hewlett-Packard Company further certifies that
its calibration measurements are traceable to the United States National Bureau of
Standards, to the extent allowed by the Bureau's calibration facility, and to the calibration
facilities of other International Standards Organization members.

WARRANTY AND ASSISTANCE

Th is Hewlett-Packard product is warranted against defects i n materials and workmansh i p
fo r α period of one year from the date of sh ipment. Hewlett- Packard will, at its option,
repai r or replace products wh ich prove to be defective during the warranty period pro-
vided they are retu rned to Hewlett-Packard, a n d provided the preventive maintenance
procedures in this manual are followed . Repai rs necessitated by mis use of the product
are not covered by this warranty. NO OTHER WARRANTI ES ARE EXPRESSED OR
IMPL I E D, INCLUDI NG, BUT NOT L IMITED TO, THE I MPLI ED WARRANTIES OF
MERCHANTABI L ITY AND F ITNESS FOR Α PARTICULAR PURPOSE. HEWLETT-
PAC KARD IS NOT L IABLE FOR CONSEQUENTIAL DAMAGES.

Service contracts or customer assistance agreements are available for Hewlett-Packard
products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office .
Addresses are provided at the back of this manual.
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This manual desc ribes the Hewlett-Packard Model 59313Α Analog to Digital Converter, its specifications
(Tab le 1-1), its installation in α Hewlett-Packard In te rface Bus (HP-ΙΒ ) system , its programming code
requirements and output, how it ope rates, and how to trace mal functions to α particular circuit board . Complete
parts ident ification informat ion and schemat ic di ag rams are provided at the rear of thi s manual, together wi th
lists ο£ options and accessories supplied . Available accessories are listed in Table 1-2 .

1-4 . The Model 59313Α Analog to Dig i ta l Converter cha nges analog signals in four ranges to 11-bit
two's complement b ina ry data, in two eight-bit bytes (see Specifications, Table 1-1) . I t is p rogrammed by α
system control ler, such an an HP Model 9825 Α Calculato r, through the HP In te rface Bus System, over which it
send s the conve rted data to the controller . The Converter can be programmed to make α single conversion, or ru n
at selected pace rates of up to 200 per seco nd on o ne channel or up to 50 per second on each of four channels .
When control of sampli ng from outs ide the Co nverter is enabled, it may be ini tiated by an external TTL logic
transit ion or contact closure to ground, in synchronization w i th the external process being measured . Tile
Conve rte r has α program-control led reverse channe l capab le of drivin g small lamp s, relays, or TTL devices . Each
channel is connected to α calibration voltage whe n its plug is removed from the corresponding rear panel inpu t
jack .

11R]
59313Α Α/D CONVERTER
HEWLETT
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Figu re 1-1 . Model 59313A AID Converter



Section Ι - General Information
Model 59313Α

ANALOG I NPUTS
No. and Type: 4 ea rh, si ngle e nded, b i polar .
Fu ll Scale V oltage Ranges (Jumper Selectable) :

+1 .0 to +1 .3`v

	

+5.0 to t7 .OV
+2 .5 to `3 .SV	*7.0 to 4 10 .3V

Gain Tr im (Front Panel) : Sc rewdr iver ad ju stment provides fi ne
gain t r im within ra nges .
Zero Trim (Front Panel): 5( rewdriver adjustment pr ovides +2'h , of
f ull scale t rim .
Inpu t Impedance : Greate r than 1 megohm .
Maximum Inpu t Voltage : 30 V rm s with ou t damage .
Crosstal k: L ess t han ι : LSB on any chann el wit h all ot her chann els
con nected to the,same fu ll scale 100 Ητ si ne wave .
Inpu t Connectors (Rea r Panel) : Standard phone jack ; ti p-hi, r i ng-
signal GND, sleeve - chassis G ND.
Calibration Reference : OV, -1 .OV, -5 .OV . +0 .1"τ , ; selectable 6γ
switc h on rear panel . Appea rs on t hose chann els wit h no in pu t
plug merwd .

Β11 = Μ5Β (sign) ; Β1 - LSB

Α-TO-D CONVERTER
Type : Dual Slope .
R esolution: .05''_ 10 δίι , ΙιΙυ s sign.
Nonli nea rίty : L ess tha n ' . LSB .
Conve rsion Time : 4.75 πι s .
Conve rte r Timing: (See timing d iag r am α [ r ig ht .)
Output Code: 11-bit, two', cιι rnplement bi nary outpu t i n two 8-bit
Ιινι es :

PACER
Sample R ates : 5 . 10, 20 . 50 . 100, 200 pe r second .
Accuracy: * .05"_.
External Start (Rea r Panel) : When enable d . TT L transition or co n-
ια (t r Ιιι s ιι re to ground on rni nipho ne jack
sγη ( h ιοηπιι s Ιγ .

REVERSE CHANNEL
Type: Open collector t ra nsistor .
Connector (Rea r Pa nel) : Mini ph one jac k .
O pen Ci rcuit-Voltage : τ 60V maximum .
Si nk Current : 200 mA maximu m .

Table 1-1. Spec ifications

will star t t he pacer

BUS INTERFACE
Address Selectio n: I nte rn al jumpers. Factory set to :

1 IST FN = &
TALK = F

Service Requ est: When enabled , SRQ li ne goes To when data is
ready.
Talker Lamp (Front Panel) : Lig hts when 59313Α is the bu s talker
and attentio n is not a(tive .
Bus Connecto r ( Rea r Pa nel) : 24-pin rnnnecto r : mates wit h cable
ΗΡ

	

10631A Β '( Π .

Prog ram Command s : The 59313Α r es pond s to the following pro-
gram characte r s :
Α-One (οηνersίπη only

	

1 - Chan 1
Β -200 Ητ

	

2-Chan 2
C-100 Ητ

	

4-Chan 3
D - 50 Hz

	

8-Chan 4
Ε - 20 Hz
F -10 Ητ
G-5 Ητ
Η - Reset (all except rev . ch .)
Ι -STop ( pacer )

	

B i n ary
- Star t (pacer )

	

Equiv .

Conve rter Timing: (For comp lete d etails see Ope r ati ng Manual .)

Universal Bu s Command s

5000 .'S

, ; 110 , .

ENVIRONMENTAL
Operating Temperat ure: Ο°C to 1551C
Storage Temperat ur e: -40°C to +70°C.
Relative Humidity : To 95"ι , at 40°C .

STABILITY
Gain Change : L ess than τ 0.6'+� of reading
Ze ro Change : L ess than -0 .3", of fu ll scale .

OPTIONS
Option 001: M edical white fron t panel .
Option 003: 76 cm (30 in .) powe r co rd , CEE to GEE .
O ption 030: 76 cm (30 in .) ΝΕΜΑ power cord .
Option 038: 2.4 m (8 ft .) powe r co rd , CEE to GEE .
Option 090: 2.3 m (7 .5 ft .) U . Κ . power co rd.
Option 092: 2 m (6 .6 ft .) 1% . Eur . power cord .

from 0° to 55°C

POWER REQUI REMENTS
V oltage (Rea r Panel Selectable) : 115V ac or 230V ac 110'� , 48-66 ΗΖ .
Power Consumption : 18 VA maximum.

MECHANICAL
H eight : 8.9 cm (3 .5 i n.) without feet, 10 .2 cm (4 i n.) with feet .
Width : 21 .2 cm (8 .4 i n .) .
Lengt h: 35 cm (13.8 i n .) .
N et Weight : 3.6 kg (8 lb .) .

ORDER I NG INFORMATION
Accessories Supplied : 2.4 m (8 ft .) power co rd , operati ng and
se rvice manu al, adjusti ng sc rewdriver , operating ca rd .

ACCESSOR IES AVAILABLE
14221Α: M i n i phone to miniphone cable, 3.0 m (10 ft .) .
14331Α: Phone to GND ca ble, 1 .8m (6 ft .) .
10631 A: Bu s ca b le . 0.9 m (3 ft .) .
106318 : Bus cable. 1.8 m (6 ft .) .
10631C : Bus cable, 3.6 m (12 ft .) .
10631D : Βιιτ cable . 0.5 m (1 ι , ft .) .

lst Byte

1311 Β 11 Β 11 Β 11 Β 11 Β 11 Β10 Β 9

2nd Byte

Β8 Β7 Β6 Β 5 Β4 Β 3 Β2 Β1

Κ- External Star t En able 20 - Device Clea r
L - SRQ Enable 24 - Se rial Poll Enable
Μ - SRQ Disa ble 25 - Serial Poll Disa b le
Ν- Reverse C han . ON 63 - Unlisten
Ο- Reverse Cha n. OFF 95 - Untalk

.4-- 60 " IS

START CONVERSION, ENAB LE: UPDAT E START NEXT
DISABLE CHANN E L CHANNEL DATA CON J ERSI ON
SWITCHI NG SWITCHING Ι200 Η, RATE)



2-1 . INTRODUCTIO N.

2-2 .

	

This section contains information on installing the Hewlett-Packard Model 59313A A/D Converter into
Hewlett-Packard Interface Bus Systems.

2-3.

	

I NITIAL I NSPE CTIO N .

2-4.

	

Mechanical Inspection .

2-5 .

	

If exte rnal damage to the shipping carton is evident, ask the carrier's agent to be present when the unit is
unpacked . Check the instrument for exte rnal damage, such as broken controls or connectors, and dents or
scratches on the panel surface . If damage is found, refer to Paragraph 2-8 for recommended claim procedure and
repacking information . If the shipping cartonis not damaged, check the cushioning material and note any signs of
severe stress as an indication of rough handling in transit . Retain the packaging material for p ossible future u se .

2-6.

	

E lectrical Check.

2-7.

	

Check the electrical performance of the unit as soon as possible after receipt ; see Paragraph 5-7 for the
recommended performance checks . The checks will verify that the instrument is operating within the
specifications listed in Table 1-1 . This check is α good test procedure for incoming quality control inspection and
for an operational check after repairs or ad justments have been made .

2-8 .

	

CLAIMS AND REPACKAGING .

2-9.

	

Claims for Damage .

2-10 .

	

If physical damage i s evident or if the instrument does not meet specifications when received, notify the
carrier and the nearest Hewlett-Packard Sales/Service Office . The Sales/Service Office will arrange for repair or
replacement of the unit without waiting for settlement of the claim against the carrier .

2-11 .

	

Packaging fo r Reshipment or Storage.

2-13 .

	

PREPARATION FOR US E.

2-14 . Environment.

SECTION ΙΙ
INSTALLATION
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Model 59313Α

2-12 .

	

If the instrument is to be shipped to α Hewlett-Packard Sales/Service Office, attach α tag showing name
and address of owner, instrument model and serial numbers, and the repair required or α description of the
trouble . The original shipping carton and packaging material may be reusable . The Hewlett-Packard Sales/Service
Office will also provide information and recommendations on materials to be used if the original packaging
material is not available or not reusable.

2-15 .

	

System location should be reasonably free from vibration, dust, corrosive or explosive vapors or gases, and
extremes of temperature or humidity . For α cabinet mounted installation, allow sufficient room at the front for
operation and sufficient room at the rear for servicing with the cabinet access door open.
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2-16 . The Model 59313Α operates within specifications at amb ient temperatures between 0°C and 55°C .
Ambient temperatures exceeding these limits could affect the accuracy of the instrument and cause damage of
the components and circuits . Allow at least two inches clearance around the instrument for air ci rculation .

2-17 . Fuse .

2-18 .

	

The fuse, Figure 2-1(3), is selected for the ac line voltage in use. To replace α blown fuse,

α .

	

Push in on the cap, turn counterclockwise 1/4 turn, and pull out.

b .

	

Pull the fuse out of the cap, and replace it with α fuse of the correct rating, (rating is stamped on one of
the fuse ends), 2/10Α for 115V, 1/10Α for 230V.

CAUTION

F AI LURE TO USE THE CO RRECT FUSE CAN RESULT IN LOSS OF THE PROTECTION IT IS DE SIGNE D
TO GIVE , OR MAY CAUSE THE FUS E TO KEEP BLOWI NG.

2-19 .

	

Coarse Range Selection.

2-20 .

	

Each of the four analog channels has four possible input ranges :

LO = full scale between ±1 .0 and ±1 .3 volts

MED = full scale between ±2.5 and ±3.5 volts

HI = full scale between ±3.5 and ±5.0 volts

HI-HI = full scale between ±7 .0 and ±10.3 volts

These ranges are selected by α jumper wire placed between pins on the bottom board inside the 59313Α.

α .

	

For access to these jumpers :

(1)

	

Disconnect the ac power cord .

(2)

	

Remove the top cove r (1 screw, center rear).

(3)

	

Remove the 4 outermost screws from the circuit board.

(4)

	

Just in front of the black transformer, slip the forefinger under the top and middle circuit
boards and pull up to disengage the connector .

b .

	

Select the best input range:

Remove the top and middle circuit boards together , exposing the bottom board range
jumpers .

(1)

	

Determine the full scale analog voltage output of the device to be connected to that
channel.

(2)

	

Use the lowest range possible, but the full scale analog input voltage must not be greater
than the high limit listed for that range.

(3)

	

Refer to Figure 2-2 and make the proper jumper connections .



CH A N 2 ~ ΝΡ 01$

	

_ςΝΑΝ 3

	

ςΗΑΝ 4

	

RVS
i ~

~b 15
νΜΆ ,/~, ςΛ

.

	

,~ .i" /

Ο LINE 115/230V± '0%
50/60 Ηε- 1 θ VA ΜΑχ

1 . HP- ΙΒ CONNECTOR : ACCEPTS STA NDARD HP INTERFACE BU S CABLE USED TO CONVEY DATA AND
PROGRAMMING INSTRU CTION S BETWEEN THE 59313Α AND THE BUS CONTROL LER .

2.

	

CAL SWITCH: SWITCHE S 0, -1, or -5 CAL IBRATION VOLTAGE TO ANY ANALOG I NPUT CHANNEL THAT DO ES
NOT HAVE Α PHONE PLUG I NSERTED.

3.

	

FUSE : PROVID ES OVER-CURRENT PROT ECTION IN EVENT OF I NTERNAL FAI LURE OR ACCIDENTAL SHORT
CIRCUIT .

4.

	

L INE VOLTAGE SELECTOR SWITCH: PROV ID ES FOR 115 OR 230 VOLT L I NE OPERATION , WHEN IT IS PLACED
IN POSITION CORRESPON DI NG TO AVAI LABLE LINE VOLTAGE USI NG SCREWDR I VER OR SI M I LAR TOOL.

CAUTION

SWITC H MUST BE IN CORRECT POSITION TO PREVENT I NSTRUMENT DAMAG E .

5.

	

ANALOG INPUT JACKS: ACCEPT FOUR STANDARD 1/4-INCH DIAMETER PHONE PLUGS WITH THE ANALOG
I NPUT SIGNAL CONNECTED TO TIP, SIGNAL GROUND TO R I NG, AND SHIELD TO SLEEVE . FULL SCALE
VOLTAGES OF ±1 TO ±10 CAN BE ACCOMMODATED ON EACH CHANNEL, I NDEPENDENT OF THE OTHER
CHANNEL RANGES. COARSE RANGES ARE SELECTED BY JUMPERS INSIDE THE 59313Α AND F I NE I NPUT
ADJUSTMENTS ARE MADE WITH THE FRONT PANEL GAIN CONTROLS. ANY I NPUT JACK THAT DOES NOT
HAVE Α PHONE PLUG INSERTED IS AUTOMATICALLY CONNECT E D TO THE CALI BRATION VOLTAGE .

CAUTION
TO PREVENT INSTRUMENT DAMAG E, DO NOTAPPLY MORE THAN 30 VAC (RMS) TO THE INPUTJACKS.

6.

	

REVERSE CHANNEL JACK: CONNECTS THE INSTRUMENT TO BE DR IVEN BY THE REVER SE CHANNEL . THE
RVS CHAN JACK ACCEPTS Α STANDARD 1/8-INCH DIAMETER MINI PHONE PLUG WITH SIG NAL CONNECTED
TO TIP AND GROUND CONNECTED TO SLEEVE. THE CHANNEL IS Α PROGRAMMABLE ΝΡΝ TRANSISTOR
SWITCH CLOSURE TO GROUN D, REQUI R ING AN EXT ERNAL SUPPLY. WHEN OFF, IT SI NKS NO CURRENT AND
CAN HAVE VOLTAGES IN THE RANGE 0 TO +80 APPLI ED. WHEN ON, IT IS GROUN DED AND CAN SI NK UP TO
200 mA .

CAUTION
TO PREVENT INSTRUMENT DAMAG E, DO NOT APPLY MORE THAN +80 VDC TO THE REVERSE CHANNEL JACK, OR
CURRENT GREATER THAN 0.2 AMPERE.

7.

	

EXTERNAL START JACK: CONNECTS THE DEVICE THAT WILL START CONVERSION. THE ΕΧΤ START JACK
ACCEPTS Α 1/8-I NCH DIAMETER MINI PHONE PLUG WITH SIGNAL CONNECTED TO TIP AND GROUND
CONNECTED TO SLEEVE. WHEN ENABLED BY PROGRAM I NSTRUCTION, Α CONTACT CLOSURE TO GROUN D,
CONTACT OPEN ING FROM GROUND, OR E ITHER TRANSITION O F Α STANDARD TTL DEV ICE, WILL INITIATE
ONE CONVERSION OR THE F IRST OF Α SER I ES OF CONVERSIONS, DEPENDING ON THE 59313Α OPERATING
MOD E .

CAUTION
TO PREVENT I NSTRUMENT DAMAGE , DO NOT APPLY MORE THAN +5 VDC TO THE ΕΧΤ START JACK.

8.

	

AC POWER INLET: ACCEPTS THE AC POWER CO RD USED TO SUPPLY THE INSTRUMENT.

Figure 2-1. Mode/ 59313Α RearPane/
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HI-HI HI

	

MED LO

1 .

	

RANG E SELECTION P INS FOR CHANNEL 1.
SHOWN SET TO LOW INPUT RANG E (± 1 TO ± 1 .3 VOLTS FULL SCA LE ) .

2.

	

RANG E SELECTION PINS FOR CHANN EL 2.
SHOWN SET TO MEDIUM INPUT RANG E (±2.5 TO ±3.5 VOLTS FULL SCALE ) .

3.

	

R ANGE SELECTIO N P INS FOR CHANNEL 3.
SHOWN SET TO H IG H INPUT RANGE (±3.5 ΤΟ ±5.0 VOLTS FULL SCALE ) .

4.

	

RANGE SELECTION P INS FOR CHANNEL 4.
SHOWN S ET TO HI-HI I NPUT RANG E (±7.0 TO ± 10.3 VOLTS FULL SCALE ) . NO JUMPER A LSO GIVES TH IS
RANG E .

Α.

	

EACH OF THE FOUR POSSIBLE RANG ES HAS BEEN I LLUSTRATED. Α SPARE JUMPER IS PROVID ED
TO REPLACE ANY THAT MAY BECOME DAMAG E D .

Β.

	

TO CHANG E Α JUMPER :

(1)

	

HOLD F I RMLY HEREWITH SMALL NOSE PL IERS.

(2)

	

TO REMOVE, PULL STRAIG HT UP .
(3)

	

TO I N STALL , PUSH STR AIG HT DOWN .

Figure 2-2. Coarse Range Selection



c.

	

Fine adjustment of the range, which must be made after the instrument is reassembled, is discussed in
Paragraph 3-48, zero and ga in adjustments .

NOTE : Address selection shouldbe made before instrument reassembly, as discussed in Paragraph 2-22 .

2-21 .

	

ADDRE SS SELECTION.

2-22 .

	

Each device connected to the Hewlett-Packard In terface Bus (HP-ΙΒ ) must h ave i ts own unique address
code . Inside the 59313Α, the top circuit boa rd has 5 jumpers which permit select ion of any of the 31 al lowable
codes shown in Tab le 2-1, some of which are shown on the top of the instrument. The instruments are shipped
from the factory with the following addresses :

LISTEN address
TALK address

2-23 .

	

Power Cord .

α.

	

Remove the top and middle circ ui t boards together, as in Paragraph 2-20, part α .

b.

	

Remove the 2 remaining screws from the top c ircui t board.

d .

	

Consu lt Table 2-1 for the desired code and Figure 2-3 for the connection method .

e.

	

Reassemble the instrument.

2-25 .

	

Interface Bus Cable .

= device I.D . 06

Section ΙΙ - Installation
Model 59313Α

Unless two or more 59313Α's are to be used in one system, or some other device has already been assigned this
address, there should be no need to make α change . If α change is necessary, proceed as follows :

ι .

	

Unplug the midd le ci rcui t board from the small connector board to expose the 5 jumpers on the top
board.

NOTE : Neve r connect the jump ers so that code 11111 is selected as the address. This code is reserved for the
UNTALK and UNLISTEN commands .

f.

	

Verify the address se lection by sending the TALK address to the 59313Α which should turn on the
TALKER lamp . Refer to the HP-113 control l er manual for instructions on how to send the TALK address.

2-24 .

	

The power cord is plugged into the ac receptacle on the rear of the in strument (Figure 2-1(8) ), and into
the local ac supply. Cords with α wide variety of ends are available to mate with the wall outlets in most countr ies
(Figure 2-4) . To avoid grounding problems, all the devices used in the system should connect to the same power
outlet strip with α common ground . To avoid shockhazard, the integr ity of the thi rd wire sa fety ground must be
mainta ined.

2-26 .

	

Bus cables are available as shown in Table 1-2. The cable is connected between the HP-ΙΒ con-
nector, Figure 2-1(1), and α similar connector on the controller . The piggy-back cable connector allows
connection in α star configuration where all devices connect to the controller connector, or α daisy chain
configuration where the first device connects to the controller, and the second device to the first, the
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NO

2-6

Table 2-1. AllowableAddress Codes

NOTE 1 : FACTORY-SETSTANDAR D ADDRESSES.
NOTE 2: 1 1 1 1 1 IS RESERVED FOR UNL ISTEN AND UNTA LK . DO NOT SET JUMPERS TO IT .

Address Jumpers Tal k L isten Device
LSB Address Address I.D .

Bit No . 5 Bit No . 4 B it No . 3 Bit No . 2 Bit No. 1 Character Characte r Code

0 0 0 0 0 @ SP 0
0 0 0 0 1 Α ! 1
0 0 0 1 0 Β 2

0 0 0 1 1 C # 3

0 0 1 0 0 D $ 4
0 0 1 0 1 Ε %°ο 5Ε 1
0 0 1 1 0 F & 6

0 0 1 1 1 G ' (APOS.) 7

0 1 0 0 0 Η ( 8
0 1 0 0 1 Ι ) 9
0 1 0 1 0 J 10
0 1 0 1 1 Κ + 11

0 1 1 0 0 L , (COMM A) 12
0 1 1 0 1 Μ - 13
0 1 1 1 0 Ν 14
0 1 1 1 1 Ο / 15

1 0 0 0 0 Ρ 0 16
1 0 0 0 1 Q 1 17
1 0 0 1 0 R 2 18
1 0 0 1 1 S 3 19

1 0 1 0 0 Τ 4 20
1 0 1 0 1 U 5 21
1 0 1 1 0 V 6 22
1 0 1 1 1 W 7 23

1 1 0 0 0 Χ 8 24
1 1 0 0 1 Υ 9 25
1 1 0 1 0 Ζ 26
1 1 0 1 1 [ 27

1 1 1 0 0 / < 28
1 1 1 0 1 ] = 29
1 1 1 1 0 ~-, > 30

ΤΕ 2 - - - - -



1.

	

BIT #1 ADDRESS P I NS (LEAST SIGN IF ICANT BIT)

2.

	

BIT #2 ADDRESS P I NS

3.

	

BIT #3 ADDRESS P INS

4.

	

BIT #4 ADDRESS P INS

5.

	

BIT #5 ADDRESS P I NS

6.

	

SPARE JUMPER

Α .

	

TO SET AN ADDRESS BIT TO "ZERO," CO NNECT ITS JUMPER WI RE BETWEEN C (COMMON ) AND 0
(ZERO) .

Β.

	

TOSET AN ADDRESS BIT TO "ONE," CONNECT ITS JUMPER WI RE BETWEEN C AND 1 .

C.

	

TO CHANGE Α JUMPER :

(1)

	

HOLD F I RMLY HEREWITH SMALL NOSE PL I ERS.

(2)

	

PULL STRAIGHT UP TO REMOVE.

(3)

	

PUSH STRAIGHT DOWN TO I NSTALL.

NOTE :

	

ADDRESS

	

ι

	

FACTORY

	

ι 00110

	

NN ADDRESS

TALK " ιι -

	

ι - ι

	

ι ι .

Figure 2-3. Address Selection Jumpers

Section ΙΙ- Installat ion
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LEAST SIG N I F ICANT BIT

A ND
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WA RN ING : REPLACEMENT POWER CABLES MUST PR OVIDE CORRECT POLAR ITY AND G ROUNDING AS
SHOWN. I NCORRECT CONNECTIONS CAN RESULT IN AN ELECTR ICAL HAZARD .

2-8

Figure 2-4 . AC Power Cables Available

FEMALE CEE 22 (EUROP A) MALE ΝΕΜΑ (HARD-W IRED)
( HOSPITA L GRADE)

-

=ΙΕΙ
L) BROWN OR BLACK

GREEN/YELLOW~~Ε )
WHITE

- ΝΙ LIGHT BLUE 0R WHIT E ,'
D

ιU)
-~λΝ )

0-4Ι°
~ Ι ~~ Ε ) GREEN/YELLOW

- ~L) B LACK
Ε - EARTH OR SAFETY GROUND '/' >

Ν - NEUTRAL OR IDENTI F I E D CONDUCTOR _
L - L I NE OR ACTIVE CONDUCTOR MALE ΝΕΜΑ 90°

(HARD-W IRE D)
MALE ΝΕΜΑ ( MOLDED) ~'

ΙΕΙ _~λΝ
) WHITE ' ( WHIT E

() C~
~~Ν )

( Ε ) GREEN/YELLOWC E) GREEN/YELLOW OR G REEN
~--4L) BLACK BLACK

ύ
\ -~

~L)

MALE ΝΕΜΑ (HARD W I RE D)

® MALE CEE (EUROPA)

\\'. ~Ν ) WHIT E

Ο GREEN/YELLOWC~EI
\
~1L 1 BROWN OR BLACK

® 0iL) BLACK αΙΕΙ Ι ~"~~~( Ε ) GREEN/YELLOW
Ν ) LIGHT BLUE OR WHIT E

CONNECTORS
POWER CABLE AWG/ΝΟ . OF HP PART

MALE END FEMA LE EN D LENGTH CONDUCTO RS NUMBER
ΝΕΜΑ ( HARD-W IRED) CEE 22 2 .4Μ (8 .0 FT) 16/3 8120-1931
ΝΕΜΑ ( HARD-W IRE D) CEE 22 3 .6Μ (12 .0 FT) 16/3 8120-1932
ΝΕΜΑ ( HARD-W IRE D) HOSPITAL G RADE CEE 22 2 .4Μ (8 .0 FT) 16/3 8120-1992

ΝΕΜΑ ( HARD-W IRED) HOSPITA L GRADE CEE 22 3 .6Μ (12 .0 F T) 16/3 8120-1993
ΝΕΜΑ ( HARD-W I RED) HOSPITA L G RADE CEE 22 4 .5Μ (15 .0 F T) 16/3 8120-1995
ΝΕΜΑ ( HARD-W I RED) HOSPITA L GRADE CEE 22 76 CM (2.5 FT) 16/3 8120-1996

ΝΕΜΑ ( HAR D-W I RED) 90° CEE 22 2 .4Μ (8.0 F T) 16/3 8120-0609
ΝΕΜΑ ( HARD-W I RED) 90' CEE 22 76 CM (2 .5 F7) 16/3 8120-0610

CEE 22 CEE 22 Ι 76 CM (2 .5 FT) 16/3 8120-1900
CEE 22 CEE 22 2 .4 Μ (8 FT)

Ι

16/3

Ι

8120-2133

EAST AND WEST EURO PE, SAU DI A RA B IA,
UN IT ED ARA B REPUBL IC

ΜΑ L ε SCΗυκο FEMA LE CEE 22 (EUROPA)

L IG HT BLUE Ι Ν~
GREEN/Y ELL OW ΙΕ ,- -

1. ~~-λ L 1 BR OWN
υ

BROWN Ι Ε~~" ΙΕΙ °~-1 Ε ) G REEN /Y ELLOW
~λη ) LIG H T BLUE

[.7-- 8120-1689 (2 .0 m)
8120-1692(2.0 m ; FEMA LE EN D IS RIG H T AN G LE)
8120-1460(2.4 m ; FEMA LE EN D Ι 5 STR IPPE D)
8120-1690 (4.5 m)

A UST RA L IA, NEW Z EA LAND

FEMA LE CEE 22 (EUROPA)

LIG HT BLUE OR BL AC K ΙΝ ,
RED OR_
LIGHT BROWN

GREEN/Y ELL OW ( Ε ` 1 ~---
ΙΕΙ °~~ ΕΙ

LIGHT BROWN OR RE D (L
8120-136912.2 ml ~fiΝ 1 LIGHT BL U E

OR BL AC K

GREAT ΒβΙΤΙΑΝ , CYPRU S, NIG ER IA .
RHODESIA, SINGAPORE

FEMA LE CEE 22 (EUROPA)

L IG H T BLUE ( Ν~ ~-λ L ) LIG H T BR OWN
GREEN /Y ELLOW ( Ε ` η

'

ΙΕΙ Em°~-1 Ε ) G REEN /Y ELLOW
L IG H T BR O WN IL~ Θ 120-135112 .2 m) L IG HT BLUE

0 ε T,



(1)

	

Chrome-plated U .S . thread 6-32 (up to Spring 1976).

(2)

	

Black-plated metric thread (afte r Spr ing 1976).

DO NOT USE DI FFERENT THREAD TYPES TOG ETHER .

2-27 .

	

Analog Input Cables .

2-29 .

	

Reverse Channel Cable.

2-31 .

	

EXTERNAL START CABLE .

CAUTION

F igure 2-5. Signal Connector Wiring

Section ΙΙ - Installation
Model 59313Α

third device to the second, and so on . Α combinat ion of both schemes i s also permitted . Six- and twelve-
foot standard HIP-113 cables can also be used, but the total cable length in the system must not exceed
51 feet. The number of devices in one system must not exceed 15, including the controller . Two types of
cable fasteners are in use .

All ,59313A units have the black metric fasteners. Should one be added to an ex ist ing system with chrome U.S .
fasteners, all or part of the old system can be updated with met ric conve rsion kits, which consist of new screws
for cables and new hex standoffs for instruments .

2-28 . For each analog input to be used, α shi elded cable with α standard 1/4- inch diameter phone plug
terminat ion must be provided . The plugs are wired as shown in Figure 2-5 .

2-30 .

	

If the reverse channel is to be used, α cable with α 1/8- inch d iameter mini phone plug terminat io n must be
provided. The plug is wi red as shown in Figure 2-6 . Note that the reverse channe l is α transistor sw itch to ground
and thu s re quires an external power supply.

2-32 . If the external start feature is to be used, provid e α cab le with α 1/8- inch d iameter mini phone plug
(Figure 2-6) . The cable is connected between the ΕΧΤ START jack , Figure 2-1(7), and the device that is used
to supply the signal. The vo ltage applied to this jack should not be outside the range 0 to +5 vo lts .

2-9
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F igure 2-6. External Start and Reverse Channel Connector Wiring

-TIP (SIGNAL)

SLEEVE (G R OUN D)

(1)

	

HP-113 CONNECTOR: Accepts standard HP Interface Bus cable used to convey data and
programming instructions between the 59313Α and the bus controller .

(2)

	

CAL SWITCH : Switches 0, -1, or -5 calibration voltage to any analog input channel that does
not have α phone plug inserted .

(3)

	

FUSE : Provides over-current protection in event of internal failure or accidental short circuit .

(4)

	

LINE VOLTAGE SELECTOR SWITCH: Provides for 115 or 230 volt line operation, when it is
placed in position ocrresponding to available line voltage, using α screwdriver or similar tool .

CAUTION
115/230V L I NE-VOLTAGE S ELECTOR SWITCH MUST BE IN CO RRECT POSITION TO PREVENT
I NSTRUMENT DAMAGE.

(5)

	

ANALOG INPUT JACKS: These jacks accept four standard 1/4-inch diameter phone plugs with
the analog input signal connected to TIP, signal ground to RING, and shield to SLEEVE. Full scale voltages of ±1
to ±10 can be accommodated on each channel, independent of the other channel ranges . Coarse ranges are
selected by jumpers inside the 59313Α and fine input adjustments are made with the front panel GAIN controls .
Any input jack that does not have α phone plug inserted is automatically connected to the calibration voltage.

CAUTION
TO PREVENT I NSTRUMENT DAMAG E, DO NOT APPLY MORE THAN 30 Vac (rms) TO THE INPUT
JACKS.

(6)

	

REVERSE CHANNEL JACK: Connects the instrument to be driven by the reverse channel. The
RVS CHAN jack accepts α standard 1/8-inch diameter mini phone plug with signal connected to TIP and ground
connected to SLEEVE. The channel is α programmable ΝΡΝ transistor switch closure to ground, requiring an
external supply . When OFF, i t sinks no current and can have voltages in the range of-0 to +8ρ applied . When on,
it is grounded and can sink up to 200 mA.

CAUTION
TO PREVENT I NSTRUMENT DAMAG E , DO NOT APPLY MORE THAN +g0 Vdc TO THE REVERSE
CHANNEL JACK , OR CURRENT GREATER THAN 0.2 AMPERE.



(7)

	

EXTERNAL START JACK: Connects the device that wi ll start conversion. The ΕΧΤ STARTjack
accepts α 1/8- inch d iameter mini phone plug with signal connected to TIP and ground connected to SLEEVE.
When enabled by program instruction, α contact closure to ground, contact opening from ground, or either
transit ion of α standard TTL device, the START circuit will initiate one conversion or the first of α se ries of
conversio ns, depending on the 59313Α operat in g mode.

CAUTION
TO PREVENT I NSTRUMENT DAMAG E , DO NOT APPLYMORE THAN +5 Vdc TO THE ΕΧΤ START JACK .

(8)

	

AC POWER INLET: Accepts the ac power cord used to supply the instrument.

NOTE S

Sect ion ΙΙ -Installat ion
Model 59313Α
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3-1 . I NTROD UCTIO N.

SECTION III
OPERATION AND PROGRAMM I NG

3-2.

	

The Model 59313Α Α/D Converter is controlled by programming from. the associated HP Interface Bus
Controll er . This sect ion provides programming formats and examples that can be used with d ifferent controllers
to obtain d igital data from the 59313Α. See Appendix Ι for α desc rip tion of the Interface Bus system.

3-3 .

	

Operation of the 59313Α can be separated into two main d ivisions:

(1)

	

Programming the HP-113 Controll er to send the 59313Α 7-bit ASCII * characters se lected from :

(α)

	

The CONTROL CHARACTER SET,Table 3-1 .

(b)

	

The UNIVERSALBUS COMMAND SET, Tab le 3-2.

These characters cause the 59313Α to perform in the desired manner .

(2)

	

Programming the HP-113 Controll er to extract and use the 59313Α output .

Section III - Operation and Programming
Model 59313Α

3-4 .

	

The term "to send" in the following discussion ωί11 mean: program the controll er to send the required
characte r .

NOTE: Refer to each controll er's own manual or i ts HP-113 in terface manual for specific programming
in st ru ct ions .

3-5.

	

U si ng the Control Character Set.

3-6 .

	

Before the 59313Α can respond to any control character, it must be made α li stener by sen ding i t the
li sten address code internally se lected by jumpers (Figure 2-4) . Once the 59313Α is addressed, any of the control
characte rs (boxed , ρ

	

) can be sent and the 59313Α wil l respond to them. When the last control characte r has
been sent, the 59313Α's listener state should be terminated by one of the following :

(1)

	

Sending the UNLISTEN COMMAND (see Tab le 3-2) .

(2)

	

Sending the 59313Α's TALK ADDRESS (Paragraph 2-22).

3-7.

	

CONTROL TIMING . Each control character's funct ion begins the moment it is rece ived at the 59313Α,
i .e ., not more than 4 m ic roseconds afte r the controller sets the DAV (data vali d) line LO for that character. An
exception to thi s is discussed under switching channels, Parag raph 3-8.

3-8.

	

SWITCHING CHANNELS. Α p articul ar channel is se lected for convers ion when its channel se lect
character is sent. One channel select character should always be in e ffect if useful conve rsions are to be made . 100
μs settling time should be allowed between the time the channel se lect character is sent and the next convers ion
is started. Channel sw itching can be done between conversions but if α channel se lect character is sent whil e the
converter is in that portion of its cycle where the inpu t signal is needed, then the HP-113 handshake will be
inhibited. This means the controll e r must wait the re until the 59313Α is finished with the old inpu t before the
character se lectin g the new input will be accepted. This timing is shown graphically in Figure 3-1, and characters
are identified in Tab le 3-3 .

NOTE: DO NOT use the character 3 to se lect Channel 3 ; use 4 instead, and 8 for Channel 4 .

*American Standard Code for Information Interchange, see Appendix IV.

	

3-1
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Table 31 . 59313Α Control Character Set

Table 32. 59313Α Universal Bus Command Set

Decimal
Code

Octal
Code

Binary
Code

ASCII
Character Function

49 061 0011 0001 1 Channel l
50 062 0011 0010 2 Channe12
52 063 0011 0100 4 Channe13
56 070 0011 1000 8 Channe14

65 101 0100 0001 Α One conversion only
66 102 0100 0010 Β 5 ms /200 Hz
67 103 0100 0011 C 10 ms/100 Hz
68 104 0100 0100 D 20 ms /50 Η z
69 105 0100 0101 Ε 50 r 1s /20 Hz
70 106 0100 0110 F 100 ms/10 Hz
71 107 0100 0111 G 200 ms/5 Hz
72 110 0100 1000 Η Reset
73 111 0100 1001 Ι Stop (Pacer)
74 112 0100 1010 1 Start
75 113 0100 1011 Κ External Start Enable
76 114 0100 1100 L Service R equest Enable
77 115 0100 1101 Μ Service Request Disable
78 116 0100 1110 Ν Reverse Channel ON
79 117 0100 1111 Ο Reverse Channel OFF

Decimal
Code

Octal
Code

Binary
Code

ASCII
Character Function

20 024 0001 0100 DC4 Device Clear

24 030 0001 1000 CAN Serial Poll Enable
25 031 0001 1001 EM Serial Poll Disable

63 077 00111111 ? Unlisten
95 137 0101 1111 U ntalk



r-C HANNEL SELECT PR IO R TO T H IS TIME

10 ΤΟ 60 μ s

2048 μ s

C HAN SW ITCH INHIBIT

CHANNEL S ELECT CHAR ACTER

TOTA L CONVER SION TIME 4750 μs

L- START O F CONVERSIO N (BY PAC ER OR START CHA RACTER OR ΕΧΤ START)

Figure 3-1 . Channel Select Timing

Table 3-3. Channel Select Characters

Section III - Operat ion and Programming
Mode l 59313Α

CHANNEL 1 Switches on Channel 1
Switches off any other

σ CHANNEL 2 Switches on Chann el 2
Switches off any other

4 CHANNEL 3 Switches on Chann el 3
Switches off any other

8 CHANNEL 4 Switches on Channel 4
Switches off any other
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3-9.

	

CONTROLLING THE PACE RATE. The pacer is used to start the Α to D conve rsion process.

3-10 .

	

The character υ establi shes the single conversion mode. One way to use this mode is by programming
the controll er with α loop that takes o ne sample each time thτu the loop . This way the spacing between samples i s
determined by the running time of the controller loop. An example of thi s ty pe operation is shown in the
programming examples, Paragraph 3-39 .

3-11 .

	

Using o ne of the characters from Table 3-4 instead of υ res ul ts in the paced mode whe re the internal
pacer starts the convers ions at uniform in te rva l s in time . One of the characters σ thru a must be sent or no
conve rsions can be made. Some cons ide ration should be given to the frequency content of the analog input signal
when selecting α pace rate. Sampling theory requires α sampling rate greater than twice the highest fr equency
component present i n the input signal to be able to fully reconstruct the signal from the samples . Α rate close to
2Χ would require α fai rly sophist icated so ftware routine to reconstruct α sine wave exactly. In practice, α h igher
sample rate makes reconstruct ion so ftware mu ch simple r and often unnecessary .

3-12 .

	

When the pacer starts, all the pace pulses shown in Figure 3-2 are gene rated simul taneously, b ut only the
se lected one is used to tr igger the converter. The first conversion is at t=0 and subseq uent conversions at the
selected in terva l . If α pace rate is se lected without stopping the pacer, the new rate is effective as soon as the
character is received by the 59313A . The next convers ion will be started by the next pacer output pulse that
occurs at the new rate. Α pace rate se lected when the pacer is not running is stored by the 59313Α and used when
the pacer is started later. When the pacer i s determining the interval betwee n samples, i t i s important that the
controller p rogram used to accept the 59313Α output be fast enough to do the job within the selected pace
in to rval .

3-13 .

	

Often the running time of the controlle r program can be checked by taking α large number of samples, say
100 or 1000, and timing the program. A t the 10 ms rate, 1001 samples should take .010 * 1000 = 10 seconds to
run . Since the first sample is at time ze ro, sample 1001 is at the 10-second poin t, not sample 1000 . If it takes
more than 10 seconds, the controller i s probab ly not fast enough for the pace inte rval . Channel sw itching can be
accomp l i shed between conversions started by the pacer i f the cont roller is fast enough to sw itch the channel and
read out the old data within the se lected pace inte rva l .

Table 3-4. Pace Intervals

Β

CHARACTER
I NTERVAL

5 ms

BETWEEN CONVER SIONS

CONVERSION RAT E

200 PER SECOND

C 10 ms 100 PER SECOND

D 20 ms 50 PER SECOND

Ε 50 ms 20 PER SECO ND

F 100 ms 10 PER SECO ND

G 200 ms 5 PER SECO ND



The characte r

τ =0

	

50 ms

	

100 MS

. ι . ι . ι . ι . ι . ι . ι . ι . ι . ι . ι . ι . ι . ι . ι . ι . ι . ι . ι .
" ι * ι " ι " ι " ι I ι " ι . ι " ι . ι " ι , ι I . τ , ι ,

20

50

1 οο

3-14 . STARTING THE PACER (Characters
convers ion is to be made . I t can b e started in two ways :

rate .
(1)

	

Wi th the control character

σ

σ
σ

F igure 3-2. Pacer Ou tput Pulses

σ

ι ι

	

©

	

"

	

" ;

	

ι .

	

ι
ι - ι

	

1

	

ι

	

ι

	

ι

	

ω

	

ι

	

ι
["[61,111

	

ι ! ι

	

ι

	

ι

	

ι ι -

	

ι

	

ι

	

ι ι

	

ι

	

~

	

ι . ι ι

	

ι

	

ιι

	

ι -

σ

= RESET characte r

= STOP character

σ

3-15 .

	

The pacer will not start unless one of the following has occurred first:

(1)

	

Sending the

(2)

	

Sending the

(3)

	

Sending the DEV ICE CLEAR universal bus command

(4)

	

Turning on the 59313Α power.

Section III - Operation and Programming
Model 59313Α

stops the pacer and arms it for α restart without otherwise affectin g the 59313Α .

200 ms

f
5 ms

10 ms

20 ms

50 ms

100 ms

200 ms

ω
ΗQ
Ψ
U

QCL
Δω
ΗυωJ
Ψ
ιΛ

) . The pacer must be started even if only one

START, the pacer starts immediately at the previously se lected
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3-16 .

	

CLEARING THE 59313Α (Character ~). The α = RESET character is sent to reset the 59313Α
before it is programmed wi th α new set of control characters. This character clea rs the pace se lection, clea rs the
channel se lection , clears the output register, di sables the service request, disables the external start, and arms the
start circui t . It does not alte r the reve rse channel state, or change the 59313Α fr om α listene r status. It could add
α maximum of about 3 ms to the running time of the controlle r program if it were sent dur ing α convers ion

while

the converter integrator i s at its maximum excursion, thereby taking the maximum reset time .

Η

.

	

REQUESTS

	

© and © ). The SRQ (service request) line on the bus can be used
to signal the bus controller that the 59313A has data ready for it . This allows the controller to work at another
task instead of waiting for data .

1

	

REVERSE

	

σ

	

and H). The reverse channel is a single digital line that is
switched by the controller program, and which may be used to control an external device or process, for instance,
ι

	

another process

	

- .

	

ι

	

ι

	

.- obtained .

	

. REVERSE CHANNEL "
is sent, the open-collector

	

'

	

ι

	

- ι

	

- . sinking

	

. ι

	

11

	

ι ground.
the REVERSE CHANNEL "

	

ι

	

turned ι

	

ι the line appears
ιι -open-circuited to positive voltages between zero and 8OV.

' . .
-'

	

completed . conversion and has the output data ready. This occurs about 4.75 ms after
the start-ofconversion signal . The SRQ line will be cleared (set HI) when the data is transmitted from the
59313A or when a serial poll is conducted .

. REQUEST

	

request

	

ι
otherwise affecting the 59313A . The 59313A powers up with SRQ disabled, and is also disabled by the RESET
character

3-21 .

	

The two REVERSE CHANNEL characters ~Ν

	

and

	

Ο

	

canbe sent by themse lves or in cluded with othe r
control characte rs . These characters canbe repeated α number of times and/or alte rnated to produce long or short
pulses or pulse train s wi th va rious duty cycles at the rear panel ΕΧΤ START connecto r . Sending the RESET
character ~ does not affect the reverse channel .

3-22 .

	

The 59313Α powers up with the reverse channel OFF . The DEVICE CLEAR COMMAND turns OFF the
reverse channel. An external power supply must be used wi th the reverse channel sin ce i t is only α transistor
sw itch to ground. Re fer to Figures 3-3 to 3-5 for examples of reverse channel application.

3-23 .

	

Using the Universal Bus Command Set.

3-24 .

	

When sending these characte rs the 59313Α does not need to be addressed as α listener .

ι ' provides
ι

	

'ESET does and, in addition :

The reverse channel i s turned off .

(2)

	

The LISTEN state is ended.

(3)

	

The TALK state is ended.

It places the 59313Α in the same state that i t powers up in .



TIP

SLEEVE

TIP

SLEEVE

NOTE : BR IGHTNESS CAN BE CONTROLLED BY
PULSE-WIDTH MOD ULATION

Figure 3-3. Driving α Lamp with the Reverse Channel

+5 VDC

200 ΜΑ ΜΑΧ

Section III - Operation and Programming
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NOTE : CAPAB I LITY CAN BE EXPANDE D BY U SI NG W IDE PULSETO RESET
Α COUNTER AND NARROW PULSE TO MAKE IT CO UNT.

2αν
LAMP

Figure 3-4. Driving TTL L ogic with the Reverse Channel

24 VDC

NOTE : SWITCH COULD MULTIPLEX ONE CHANNEL .
ANOTHER CHANNEL OR EXTERNAL START CAN
D ETECT ZERO POSITION CONTACT CLOSURE .

Figure 3-5. Driving α Stepping Switch with the Reverse Channel

3-7



Section III - Operation and Programming
Model 59313Α

3-8

3-26 .

	

UNLISTEN (Character0). This character ends the 59313Α LISTEN state, and should be used routinely
to insure all unwanted li steners are clea red from the bus before addressing new ones . The 59313Α is
automat ica lly "unlistened" when it is sent i ts ta lk address.

3-27 .

	

UNTALK (Character 0 , underline) . This character ends the 59313Α TALK state, but i s se ldom used,
because when α new talker is add ressed the old one is te rminated automatically . The 59313Α is also automat ically
"untalked" when it is sent its li sten address.

3-28 . SERIAL POLL ENABLE (Character CAN ). This character establishes the se rial poll mode in the
59313Α ; the detail s are described in the output description, Paragraphs 3-35 and 3-36 .

3-29 .

	

SERIALPOLL DISABLE (Character

3-30 .

	

How To Obtain Digital Output Numbers.

3-31 . The 59313Α becomes t he bus TALKER when the controller sends the ta lk address code set by the
internal address jumpers shown in F igure 2-4. When thi s has been accomplished, the TALKER lamp turns ON and
the 59313Α can send any data it may have ready to the designated bus liste ners, normally the controller .

3-32 .

	

NORMAL OUTPUT RESPONSE. If the Serial Poll Enable command has not been sent, the output will be
the digita l conversion ofwhichever analog input channel was se lected by the control character programmi ng.

3-33 .

	

The output is an eleven-bit two's compliment binary number (see also Appendix II) arranged in two 8-b i t
bytes as shown in Table 3-5 . The outpu t is normally transfer red to the control ler, whi ch then must reorga nize the
,two bytes into. one 11-b it number. The following short program is α generalized (b ut not necessarily always the
most efficient) rout in e for combining the two bytes that will work for most calculators used as the controlle r :

(1)

	

Read 1 st byte from 59313Α; store it in "Α" .

(2)

	

Read 2nd byte from 59313Α ; store i t in "Β" .

(3)

	

If Α is greater than +3, then the number is negative.

(4)

	

For negat ive number (Α>3):

(α)

	

Subtract Α from 255 and call it C .

(b)

	

Multiply C by 256 and call it D .

(ε)

	

Sub tract Β from 256 and call it Ε .

(d)

	

Add D to E and call it F .

(e)

	

Mul tiply F by -1 and use the resul t .

(5)

	

For α zero or positive number (Α<3) :

(α)

	

Multiply Α by 256 and call i t C.

(b)

	

AddC to Β and use the res ul t .

) . This characte r ends the ser ial poll mode .

The programming examples in Paragraph 3-37 show recomb ining routin es for seve ral Hewlett-Packard desktop
calculato rs.



Table 3-5. Output Data Format
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Β 11 = MOST SIGN I F ICA NT BIT = SIGN BIT = 1 I F NEG NUMBER .
Β 1

	

= LEAST SIGN I F ICANT BIT.

(SEE APPEN DIX ΙΙ ALSO)

3-34 . OUTPUT SEQUENCING AND TIMING . The outpu t section is arranged so the following holds true :

(1)

	

The out pu t for α conve rsion becomes availa ble 4 .75 (-0 +,06) ms after the start of conversion and
stays avai lable until 4 .75 (-0 +.06) ms after the next start of conversion. Conversion starts when

	

[,]J

	

is received,
the external start jack is used, or the pacer time inte rval i s up and α new conversion is started by t he pacer
(Figure 3-6) .

(2)

	

Once both ou tput bytes have been sent, an attempt to send out another byte wil l result in the bus
handshake not being completed (the 59313Α wil l not set DAV line LO) u ntil more data is ready . This feature can
often be used to load the controller memory with samples taken by t he 593 Ι 3Α at equal increments of time . The
controller simp ly spends i ts spare time waiting for the handshake to complete . The controlle r's data acqui sit ion
time mu st be shorte r t han the 59313Α pace r interval being used.

(3)

	

If, when α new pair of data bytes is ready, n either of the old p ai r has been sent, then the old are
replaced with the new.

(4)

	

Ι £, when α new pair of data bytes is ready, the 1st byte of the old pair has been sent but the 2nd
has not, then the new pair will be lost and the 2nd byte stays avai lable until it is sent .

3-35 .

	

SERIAL POLL OUTPUT RESPONS E. If the Se rial Poll Enable command has been sent whe n the 59313Α
ismade t he ta lker, t he o utpu t will be α poll response instead of the conversion output just descr ibed .

3-36 .

	

There are two possible poll responses :

(1)

	

AFFIRMATIVE . If the Serv ice Request Enable characte r FL

	

has been sent and if t he 59313Α h as
completed α convers ion and set the SRQ line LO prior to the Seria l Poll Enable command, then, when made the
TALKER, the decimal number 64 would be the output (01000000) .

Γ
= 0 (START 1ST)

	

r50 MS (STAR T 2N D)

	

r100 MS (STAR T 3R D)

4.75 MS

	

I

	

r- 54.75 MS

	

I

	

r- 104.75 MS

1ST CONVERSIO N AVAI LABLE ΙΙ 2ND CO NVERSION AVAI LABLE

	

3RD CONVERSION AVAI LABLE

Figure 3-6. 50 Millisecond Pace Rate

3-9

BUS L I NE-> D108 D107 D106 D105 D104 D103 D102 0101
1ST ΒΥΤΕ-> Β 11 Β 11 Β 11 Β 11 Β 11 Β 11 Β 10 Β9
2ND ΒΥΤΕ--71 Β8 Β7 Β 6 Β5 Β4 Β3 Β2 Β 1
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(2)

	

NEGATIVE . If α conversion has not been completed and the SRQ line has not been set LO by the
59313Α (o r the SRQ cir cuitry has not been enab led) prior to the Se rial Poll Enable command, then, when made
the TALKER, the decimal number zero would be the output . Once the Serial Poll Disab le command is sent, the
59313Α output i s again α normal Α to D conversion output .

NOTE : The poll response output i s j ust 1 byte of ordinary binary code .

3-37 .

	

Programming Examples.

3-38 .

	

Send control characters to t he 59313Α in α logica l sequence . For example, do not send the UNLISTEN
command immed iately afte r sending the listen address, or do not start the conversion until the desired channel
and pace have been se lected, or do not send RESET afte r any of the control char acters since it will cance l them
all .

3-39 . GENERAL LOOP PROGRAM FORMAT. The program type with the least chance for error puts the
controll er into α loop that takes one sample with each repetition . This kind of program is use ful for setting the
ZERO and GAIN contro ls discu ssed later. The general format is:

Send UNLISTEN command

Send 59313Α l isten address

I t may be necessa ry to send controll er talk address . (See Controller manuals .)

RESET characte r .

(o r some other) CHANNEL SELECT characte r .

ONE CONVERSION ONLY pace select character.

START character (time betweenΜ1

	

and

Send

Send

Send

Send

Send 59313Α talk address

It may be necessary to send co ntroll er li sten address .

Read and Store 1st byte from the HP-113 .

Read and Store 2nd byte from the HP-113 .

Combine 1st and 2nd byte as shown in Paragraph 3-33 .

Di splay t he combined byte as α dec ima l number .

Repeat entir e loop.

σ
Α

σ
σ

σ

(10)

(11)

(12)

(13)

(14)

This general program loop will continuously display the 59313Α output for Channel

must be 100μs minimum) .



3-40 .

	

Α translat ion of the general loop program for the Hewlett-Packard Model 9830Α Calculator as the HP-113
controll er is :

NOTES:

10

	

CMD "? U &", "Η 1 Α J", "F 5"

20

	

DISP ROT (RΒΥΤΕ 13, 8) + RBYTE 13

30

	

GO ΤΟ 10

1 .

	

Do not push the SHIFT key if it is not required or the prog ram may not run .

Section III - Operat ion and Programming
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2.

	

Line 20 is α more efficient way of comb inin g the 2 bytes than the general rout in e shown in the preceding
pa ragraph .

3-41 .

	

Two tr anslat ions ar e given for the Model 9825Α Calculato r. The first is the gene ral rout in e which requires
only the GENERAL Ι/0 ROM necessa ry to use the HP-113 .

NOTE: When using α wrt statement with the 9825Α calculator α fmt statement must be used to suppress
the carriage returnline feed normally output at the end of the data li st .

0:

	

fmt 1, z, f.0
1:

	

wrt 706.1, "H11AJ"

	

NOTE: Extra "1" guarantees 100 -s input settling time.
2:

	

rdb (706) -Α

3:

	

if Α>3 ; gto 5

4:

	

dsp Α*256 + rdb (706)

5:

	

gtο 0

6:

	

dsp - ( (255-Α) * 256 + (256-rdb (708) )

7:

	

gtο 0

The second program is α more efficient method th at requires both the GENERAL Ι/ΟROM and the EXTENDED
Ι/Ο ROM .

0:

	

fmt 1, z, i0

1 :

	

wrt 706.1 "H11AJ"

2:

	

dsp ior (shf (rdb (706), -8), rdb (708) )
3:

	

gto 0

3-42 .

	

Α translation for the Model 9820Α/21Α Calc ulator s is :

0:

	

FXD 0; CMD "?U&", "HaAJ", "5F" ~
1:

	

RDB 13-Α; RDB 13-Β ~

2:

	

IF Α>3 ; (255-Α) * 256 + 256 -B-C; C*-1-C; DISP C ~
3:

	

IF Α43 ; Α*256 +B-C; DISP C ~
4:

	

GTO 00 ~

3-1 1
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Α program sequence to take samples using the pacer could be :

FBI

1 .

	

SEND UNLISTEN COMMAND

2 .

	

SEND CONTROLLER TALK ADDRESS .

3 .

	

SEND 59313Α LISTEN ADDRESS
4.

	

SEND CHARACTERS:

	

α

	

RESET 59313Α.

SELECT CHANNEL 1 .
7F	( Use some other channel selectTime between "I

	

and LL
should be 100 /is min. Extra

or LIJ characters could
be sent to add more time if
necessary, or use a wait
statement or do some opex-ViD--A
that uses up the time .

σ

σ

σ

The array "C" will conta in samples taken at 100 ms increme nts in time. Each time thru the loop takes an
additional sample. The loop time must be less than the 100 m s pace in terval so the controller is always ready
when the next 59313Α output becomes available .

3-44 .

	

Α program sequence to take samples using the pacer and also sw itching channels between samples :

1 .

2.

3 .

4.

SEND UNLISTEN COMMAND

SEND CONTROLLER TALK ADDRESS.

SEND 59313Α LISTEN ADDRESS
SEND CHARACTERS:

σ
σσ

σ

START

character, if desired.)

SELECT 100 ms PACE INTERVAL.

(Use some other pace rate character,
if desired .)

σ may be used here instead of
then start with external start signal at
rea r panel j ack.

RESET 59313Α.

SELECT CHANNEL 1 .

SELECT 200 ms PACE INTERVAL.

START.

σ

5 .

	

SEND CONTROLLER LISTEN ADDRESS .
6.

	

SEND 59313Α TALK ADDRESS
7 .

	

SET UPΑ LOOPWHERE VARIABLE "J" INCREASES BY 1 EACH TIME THRU THE LOOP.

5. SEND CONTROLLER LISTEN ADDRESS .
6. SEND 59313Α TALK ADDRESS
7. SET UP Α LOOP WHERE VARIABLE "J" INCREASES BY 1 EACH TIME THRU THE

LOOP .

λ8 . READ 1 ST BYTE FROM HP-ΙΒ ; STORE IT IN "Α".
Ι

LOOP 9 . READ 2ND BYTE FROM HP-113 ; STORE IT IN "B".
TIME 10 . COMBINE THE 2 BYTES (SEE PARAGRAPH 3-33) .
<100 11 . STORE THE COMBINED BYTES IN ARRAY ELEMENT C(J) .
μ s

-12 . GO THRU LOOP AGAIN.



8 .

9.

10 .

11 .

12 .

13 .

14 .

15 .

16 .

17 .

18 .

19 .

20 .

21 .

22 .

23 .

24 .

READ 1 ST BYTE FROM HP-113 ; STORE IT IN "A".

READ 2ND BYTE FROM HP-113 ; STORE IT IN "B" .

COMBINE THE 2 BYTES (SEE PARAGRAPH 3-33).

STORE THE COMBINED BYTES IN ARRAY ELEMENT C(J) .

SEND CONTROLLER TALK ADDRESS .

SEND 59313Α LISTEN ADDRESS

SEND CHARACTER F21 = SELECT CHANNEL 2.

SEND CONTROLLER LISTEN ADDRESS.

SEND 59313ΑTALK ADDRESS
READ 1 ST BYTE FROM HP- ΙΒ ; STORE IT IN "A".

READ 2ND BYTE FROM HP-ΙΒ ; STORE IT IN "B".
COMBINE THE 2 BYTES (SEE PARAGRAPH 3-33).

STORE THE COMBINED BYTES IN ARRAY ELEMENT D(J) .

SEND CONTROLLER LISTEN ADDRESS .

SEND 59313Α TALK ADDRESS .

SEND CHARACTER α = SELECT CHANNEL 1 .

GO THRU LOOP AGAIN .

Section III - Operation and Programming
Model 59313Α

The array "C" will contain samples from Channel 1 taken at 400 m s intervals (every other pace inte rval) . Array
"D" will contain samples from Channel 2 taken at 400 ms intervals and 200 ms later in time than those from
Channel 1 .

3-45 .

	

The final example uses the single conversion mode, the external start, the service request, and conducts α
serial poll . The 59313Α should have α pushbutton switch on the end of α cable connected to the ΕΧΤ START
j ack, or an automatic contact closure associated with the process to be sampled. Each time contact is made, α
conversion will take place.

1 .

2.

3.

4 .

(PROGRAM CONTINUED)

SEND UNLISTEN COMMAND

SEND CONTROLLER TALK ADDRESS .

SEND 59313Α LISTEN ADDRESS

SEND CHARACTERS: σ
8

Α

5 .

	

SEND UNLISTEN COMMAND

θ

θ

RESET.

CHANNEL4.

SERVICE REQUEST ENABLE.

ONE CONVERSION ONLY.

EXTERNAL START ENABLE.

6.

	

THECONTROLLER CAN NOW BE DOING SOME OTHER JOB BUT MUST
PERIODICALLY CHECK THE SERVICE REQUEST LINE . IF THE LINE IS
INACTIVE, THE OTHER JOB CAN BE PERFORMED BUT IF THE LINE IS
ACTIVE THEN Α POLL IS CONDUCTED TO SEE WHICH BUS INSTRUMENT
IS REQUESTING SERVICE (ASSUMING THERE IS MORE THAN ONEWHICH
COULD BE). THEN THE INSTRUMENTS ARE SERVICED .

3- 1 3
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POLL :

7 .

	

SEND SERIAL POLL ENABLE COMMAND DECIMAL 24 OR OCTAL 30
8.

	

SEND CONTROLLER LISTEN ADDRESS .

9.

10 .

	

READ Ι ΒΥΤΕ FROM HP-ΙΒ .

11 .

	

IF BYTE =0; 59313ΑDID NOT REQUEST SERVICE.
IF BYTE = 64, 59313ΑDID REQUEST SERVICE.
REMEMBER WHICH FOR USE AFTER POLL.

12 .

	

SENDOTHER DEVICE TALK ADDRESSESAND READ THEIR BYTES TO
DETERMINEWHICH OF THOSE DEVICES REQUESTED SERVICE .

13 .

	

SEND UNTALK COMMAND DECIMAL 95 OR OCTAL 137

14 .

	

SEND SERIAL POLL DISABLE COMMAND DECIMAL 25 OCTAL 31

15 .

	

IF THE 59313Α DID REQUEST SERVICE : (AS INDICATED IN POLL)

(α)

(b)

(c)

(d)

(e)

(f)

(g)

SEND 59313Α TALK ADDRESS

σSEND 59313Α TALK ADDRESS

READ AND COMBINE 2 BYTES FROM HP-ΙΒ (SEE PARAGRAPH 3-33).

STORE OR USE THE NUMBER AS REQUIRED .

SEND 59313Α LISTEN ADDRESS

SEND CONTROLLER TALK ADDRESS .

DEVICES AS REQUIRED .

17 .

	

GO BACK TO STEP 6.

SEND CHARACTER [Ι TO RESET PACER FOR NEXT EXTERNAL START.
SEND UNLISTEN COMMAND

(h)

	

GOON TO SERVICE OTHER DEVICES AS REQUIRED.

IF THE i59313Α DID NOT REQUEST SERVICE JUST GO ON TO SERVICE OTHER

θ

3-46 .

	

Front Panel Controls and Indicators.

3-47 .

	

The front panel controls and indicators are described in Figure 3-7 .

3-48 .

	

SETTING THE Z ERO AND GAIN CO NTROLS.

(α)

	

The ZERO control is adjusted fi rst, then the GAIN control .

(b)

	

Since there is α slight interaction between the two controls, both adjustments should be repeated if
α large gain change is made after setting the zero .

NOTE : For maximum accuracy the 59313Α should b e warmed up for at least 10 minutes . Operat ing temperature
stab ilizes fully in about two hours .

(c)

	

The HP-ΙΒ controller should be programmed with α simple loop to display the out pu t o f the
59313Α channel to be adjusted (see Parag raph 3-39).

(d)

	

The range selection jumpers inside the 59313Α should have been set p reviously to accommodate
the desired full scale vo ltage (Figure 2-2) .



α

Figure 37. 59313Α Front Pane/
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1 POWER SWITCH: CO NTROLS AC POWER TO THE I NSTRUMENT; MUST BE IN ON POSITION FOR
OPERATION .

2

	

POWER ON LAMP : I LLUM I N ATES WHEN POWER SWITCH IS ON TO INDICAT E THAT POWER IS BE I NG
SUPPL IED.

3

	

TALKER LAMP : IS I LLUM I NAT E D WHEN THE 59313Α IS ADDRESSED TO TALK AND THE ΑΤΝ L I NE IS
NON-ASSERTIVE .

4

	

ZERO AND GAIN CO NTROLS: PROV IDE INDEPENDENT SCREWDR IVER GAIN TR I M OF ABOUT= 17ο%ο AND
ZERO TR IM OF ABOUT ± 2% F OR EACH OF THE FOUR ANALOG INPUT CHANNELS .

3- Ι 5
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(e)

	

With the test program runnin g, apply zero volts to the analog input j ack of the channel bein g
tested . Using α small screwdrive r, turn that channel's front panel ZERO control until the controller displays zero .

NOTE : For maximum accuracy, try to center the control in the ze ro reg ion.

(f)

	

Zero volts can be obtained in severa l ways :

(1)

	

The two wires going to the analog input jack can be shorted together.

(2)

	

The phone plug can be pulled out of the analog inpu t jack and the rear panel CAL switch
moved to the "0" posit ion.

(3)

	

The device connected to the analog inpu t jack can have its output go to zero ; for example,
if an electronic pressure transducer is in use, zero pressure could be appli ed to its input. This method would also
take care of any zero offset appearing on the pressur e transducer outpu t or any offset result ing from thε 59313Α
input bias current (100 ηΑ max) interact ing with α high output impedance pressure transducer, as (iBIAS Χ
ZOUT - VO FFSET)'

(g)

	

There are three ways to adjust gain . The first uses α p recision voltage source co nnected to the
anal og input jack . This could be α voltage standard where the dials are simply set to the desi red vo ltage or could
be α variab le power supply with α good digital vo ltmeter connected to i t to monitor the vo ltage . Simply set the
source to the desired full scale vo ltage and, using α small screwdriver, turn the channel's front panel GAIN control
for the channel under adjustment until the controller displ ays the desired ful l scale number. Maximum resolution
is obtained with α fu ll scale of 1023, 1022 may be more suitable because it is possible to te ll if £υ11 scale is
exceeded, and 1000 as α full scale may be more conve nient to think about, and also permits α slight over range
capability .

(h)

	

Α second way to adjust gain uses the device connected to the channel as the ca li bration source. If,
for instance, α pressure transduce r is in use, α manometer and pressure source could be connected to the
transduce r and α fu l l scale pressure applied . Th e front panel GAIN control is the n adjusted until the controll er
displays the full scale value previously se lected .

(i)

	

The thi rd way to adjust gain uses the 59313Α in te rnal ca li bration vo ltage . When the phone plug is
removed from the analog inpu t jack of the channel to be adjusted, the ca l ib rat ion voltage i s automat ically
connected . The rear panel CAL switch can then se lect -1 .00 volts or -5 .00 vo l ts . -I V is used when α full scale
between 1 and 5 vo lts i s desi red and -5V i s used for α full scale between 5 and 10 volts . If the full scale desired is
exactly 1 or 5, the corresponding vo ltage is se lected and the front panel GAIN control turned until the controller
displays negative full scale. For α full scale of other than 1 or 5 volts, the following formula gives the numb er the
controller must disp lay when the GAIN control is set correctly.

where

Ν=

	

OUTPUT Χ VC
VF

Ν = NUMBER DISPLAYED ON CONTROLLER (CALCULATOR)

OUTPUT = DESIRED 59313Α FULL SCALE OUTPUT (for example : 1023, 1022, or 1000)
VC = CALIBRATION VOLTAGE USED (for example : -1 or -5)

VF = DESIRED FULL SCALE ANALOG INPUT VOLTAGE.



3-49 .

	

Reconve rsion of Output.

Section III - Operation and Programming
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(h)

	

For fu l l scale vo ltages that l ie between the available ranges, for instance 4 vo lts, the on ly recourse
is to go to the next h igher vo ltage range, 5 volts in thi s case, and set the gain to produce the highest output
possible. This resul ts in some loss of resolutio n since only part, 4/5 in this case, of the scale is used .

3-50 .

	

Convert ing the 59313Α o utpu t back to the or iginal inpu t units can easily be done by hav ing the controller
program multi ply each read ing by α scale facto r Κ to be determined with the following formula:

Example 1 :

If 3 vo lts input produces α fu ll scale outpu t of 1022, then Κ = 3/1022 = .002935, so if every read ing is
multiplied by .002935 before displaying, then the display reads di rectly in volts .

Example 2:

Κ = INPUT FULL SCALE (VOLTS, mmHg, or LITERS/SECOND, etc.)
59313Α OUTPUT FULL SCALE

The pressure transducer produces 10 vo lts out at α full scal e of 80 mmHg. The 59313Α has its gain
adjusted so thi s pressure produces α controller d isplay of 1022 .

Κ = 80 mmHg _ ,07828
1022

When each reading is multiplied by thi s number, the display reads di rectly in mil limeters ofmercury .

3-51 .

	

Maintaining Resolution.

3-52 .

	

Avoid loss of resolu tion caused by using α scal e for convenience's sake. For instance, if α 3-vo l t fu ll scale is
made to produce α 59313Α output of 300, 2V = 200, 1V = 100, this would provide only one-third of the
resolu tion obtained by making the 3 volts produce α 59313Α output of 1022 and using the Κ factor desc ribed
previously .

3-53 .

	

Increased Resolution.

3-54 . Some devices such as ampl ifi ers designed for use with strip chart recorders may have α p rovision for
ob ta ining α full scale offset, usually in the negative direct ion, so that zero is now at the old negat ive full scale and
full scale is at positive full scale. If an amplifie r such as thi s is used with the 59313Α, then the resolu tion ωί11 be
tw ice as fine as would otherwise be obtained . Of cour se, the signals can on ly swin g in one direction from zero and
the controlle r must be p rogrammed to add α constant (e .g . 1022) to each number so the output numbers wi ll run
from 0 to +2044 as desired.
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4-1 . I NTRODUCTIO N.

SECTION IV
PR I NCI PLES OF OPERATION

4-2.

	

This section starts with α block diagram which shows each main functional circuit of the 59313Α Α/D
Converter. Each b lock is expanded into α block diagram showing key signal lines and main features of that circuit,
explained in the text following the diag ram . The sequence of block diagrams and text is ar ranged, generally, so
each explanation paves the way for the ones following it. Each block is not confined to one ci rcuit board.
Whenever possible, α board designation is provided in the block to aid in troubleshooting on α board-replacement
level.

4-3. Mnemonics .

4-4.

	

Some useful notations in this section (and on the schematics) are defined here:

Η prefix, examples : Η DAC (data accepted)
Η DI3 (data in line #3)

indicates the signal line is HI (-3 to 5V) in its assertive or true state .

L prefix, examples : L DAV (data valid)
L DI3 (data-input line #3)

indicates the signal line is LO (0 to 0AV) in its assertive or true state .

or _L prefix, examples : -r

	

PACER TIME MARK
Ζ START CONVERSION

indicates that the rising or falling edge as the line changes state is the event of interest (see Table 4-1) .

or _FLprefix, examples: -π- PACE SELECT
ΖΓ END OF CONVERSION

indicates that α positive or negative pulse is the event of interest (Table 4-1) .

Ν prefix, examples: Ν DAC (data accepted)
Ν RFD (ready for data)

indicates not or inverted .

The Ν prefix is necessa ry because the HP-ΙΒ (Hewlett-Packard-Interface Bus) l ines are defined LO in the assertive
or true state . It was therefore necessary to invert the names of the two lines that were naturally HI in their
asse rtive state.

NOTE : Signals on the b us lines are sent asse rtive (or true) LO i .e, 0 =+3V and 1 =+0.2V. Inside the 59313Α they
may be either way as follows :

HDI6 (DATA IN 6) is HI (+3.5 volts) in the assertive state .

LDI6 (DATA IN 6) is LO (+0.2 volts) in the assertive state . (See Figu re 4-4.)

U26 - refers to integrated circuit U26 .

Bottom board U26 - refers to U26 on the bottom printed circuit board .

U26 (1) - refers to pin 1 of U26 .

Section IV - Principles of Operation
Model 59313Α

U15 (8, 9, 10) - refers to pins 8, 9, and 10 of Ul5 and is used to indicate one of the 4 gates available in that I.C .

NOTE : All connectors and fingers that connect the 3 main P.C . boards are labeled J 1 on each board. All lines run
to each board even if they are not used there, e.g ., J 1 (10) is the TLK CLK signal on all the boards . Refer to
Table 4-1 for α l ist of mnemonics and signal polarities .
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Figure 41. Block Diagram, Model 59313Α AID Converter



Table 4-1. Table of Mnemonics, with Pulse Polarities for Signal Names
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The mark f is used to ind icate that the r ising edge is the event of interest .

The mark 2 is used to indicate that t he faili ng edge is t he event of inte rest.

The mark J_L ind icates α positive-pu lse is the event of interest .

The ma rk υ i nd icates α negative-pulse is the event of inte rest.

Polarity Mnemonic Name
L ATN ATTENTION
L LSN LISTEN

L NRFD NOT READY FOR DATA
Η DAV DATA VALID
TL ΑΤΝ CLK ATTENTION C LOCK
Η N DAC NOT DATA ACCEPTED

TL LSN CLK L ISTEN CLOC K
L TLK TA LK

_Lr 1FR I NTERFACE RESET
Η DI DATA I NPUT
L DI DATA INPUT
L - SER IA L PO LL MODE

L - WAIT FOR I NTEGRATOR RESET
L - RAMP ACTI VE
μ - CHANNEL CHANGE INHIBIT

Η - OUTPUT READY

Η ATN ATTENTION
Η - ENABLE SRO (S ERVICE REQUEST)

U SPE SER IAL POLL EN ABLE
Η SRQ SERVIC E REQUE ST

Ζ(' SPD SER IA L POLL DISABLE
L - SER IA L POLL MOD E

1J RST RES ET
Ζ(' DCL + POR DEVIC E CLEAR O R POWER-ON RES ET

- PAC E SELECT

~J - EXTERNAL START ENABLE

S - PACER TIME MARK
ZJ - START

L - START RAMP
μ - RETURN RAMP

L - RAMP ACTI VE
μ - RUN
Ζ - START CO NVER SION
-
Ζ - TM PLUS 4750 μs

ν LATCH
ΖΤ EOC END OF CO NVERSION

U REVERSE CHANNEL ON
L - SELECT ZERO

Η ind icates H IG H , or about 3 to 5V .

L indicates LOW, or abo ut 0 to 0AV.
Ν ind icates not, or i nverted .
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4-5.

	

MODES OF OPERATION.

4-6.

	

The 59313Α Α to D Converter wo rks using four modes of operation ; the Attention, Listen , Talk and
Serial Poll modes, selected by commands from the HP Interface Bus (Figure 4-2) .

4-7.

	

Attention Mode.

4-8 .

	

When the bus ΑΤΝ line i s LO the 59313Α is in the ΑΤΝ mode. In ΑΤΝ , the 59313Α in terprets the bit
patterns on the first 7 DIO (data IN/OUT) lines as α :

(2)

	

TALK address (or UN-TALK)

LISTEN address (o r UN-LISTEN)

UNIVERSAL BUS COMMAND

The D106 and DI07 lines determine the category of command or address as follows:

4-9.

	

L isten Mode.

4-10 .

	

If the b us ΑΤΝ line is HI (non-assertive) and the LLSN line (U26, pin 13, top board) is LO, then the
59313Α is in the LSN mode (this happens when the bus controll er sends the 59313Α's Li sten Address .) In LSN,
the 59313Α in terprets the patterns on the first seven DIO lines as control characters, which are arranged in three
groups identified by the bit patte rn on DIO 4, 5, and 6 as follows:

4-11 .

	

Talk Mode.

DIO 1 thτu 5 then break down each category into 32 individual addresses or commands . The ΑΤΝ mode has
prior ity over the other three modes and can interrupt and override them at any time .

4-12 .

	

If the bus ΑΤΝ line is HI (non-assertive) and the L ΤLΚ line (U26 (8) top board) is LO, then the 59313Α
is in the TLK mode and the front panel TALKER lamp is on . (Thi s happe ns when the bus controller sends the
59313Α's Talk Address) . In ΤΙΚ , the 59313Α transmits i ts converter output over the eight DIO lines . The
circuitry is arranged so the TLK and LSN modes may not occur simultaneously.

D107 DI06

0 1 LISTEN

1 0 TALK

0 0 COMMAND

D106 DIGS DI04

0 0 0 PACE SELECT
0 0 1 MISC . CONTROL

Ι 1 CHANNEL SELECT
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4-13 . Se rial Poll Mode.

4-14 .

	

If the L SERIAL POLL MODE line (J1, pin 14, from bottom board U7, pin 9) is LO and the ΑΤΝ line is
HI (non-assertive) then the 59313Α i s in the SERIAL POLL mode. (This happens when the controller sends the
Serial Poll Enable command) . Serial poll changes the talk mode output from Α/D conversion to an output of
service request status, so when the TLK address is provided, the 59313Α sets DI07 LO if requesting service and
D107 HI if not requesting service (D107 LO = 64).

4-15 .

	

LOGIC DESCR IPTION.

4-16.

	

Acceptor Handshake Circuit .

4-17 .

	

This circuit operates only in the ΑΤΝ and LSN modes.

4-18 .

	

ATTENTION MODE OPERATION . L ΑΤΝ line is LO, indicating ΑΤΝmode . NRFD (not ready for data)
l ine i s HI indicating readiness to accept data . The external bus controller then sets Η DAV (data valid) HI (LOon
the actual bus line) to indicate there is data on the 8 DATA IN l ines . The 59313Α then places α two-microsecond
pulse on the ΑΤΝ CLΚ (attention clock) line to cause the ADDRESS DECODING, RESET CONTROL, and
SERVICE REQUEST sections to respond to the data, if appropriate . At the end of the ΑΤΝ CLK pulse the
NDAC (NOT DATA ACCEPTED) line goes HI and the NRFD line goes LO to tell the controller that there is no
longer any need to hold data on the DIO lines .

4-19 .

	

LISTEN MODE OPERATION . L ΑΤΝ line is HI AND L LSN line i s LO, generating LSN mode . The
NRFD l ine is HI and the NDAC line is LO indicating to the interface bus talker that the 59313Α is ready for data .
The bus talker then places (o r may already have placed) an ASCII character intended for the 59313Α onto the
DATA IN lines and sets Η DAV HI . Α two-microsecond LSN CLK pulse then causes the RESET CONTROLS,
CONTROL DECODING, PACER, and CHANNEL SELECTOR sections to respond to the data character if
appropriate to do so .

At the end of this pulse, NRFD goes LO and NDAC goes HI to signal the bus talker that the data character is no
longer needed . The cycle can repeat as many times as necessary to transfer all the needed data characters .

In the LSN mode there are two special cases where this operation is modified.

(1)

	

The L WAIT FOR INTEGRATOR RESET line is LO because the reset character Η is on the
DATA IN lines and the integrator circuit in the Α to D CONVERTER section is in its active region. (J1 (Χ) L
RAMP ACTIVE from bottom board i s LO.) Under these conditions NDAC will stay LO and the LSN CLK pulse
will go HI and stay HI until the integrator gets reset α maximum of about 2 .5 ms later . The L WAIT FOR
INTEGRATOR RESET line then goes HI and the cycle completes normally.

(2)

	

The Η CHAN CHANGE INHIBIT line goes HI when any channel change character (e .g ., 1, 2, 4, 8)
is on the DATA IN lines and the Α to D CONVERTER section is in the two-millisecond part of its cycle where it
i s using one of the input channels . Under these conditions the NDAC line stays LO and the LSN CLK pulse is not
generated . When the Α to D CONVERTER is done with the old channel, the Η CHAN CHANGE INHIBIT line
goes LO and the cycle completes normally with the generation of the LSN CLK pulse, which w ill cause the new
channel to be selected and NDAC to go HI and NRFD to go LO .

4-20 .

	

Address Decoding Ci rcuit .

4-2 Ι . This circuit has 5 j umpers (Table 4-2) that p rogram the 59313Α to respond to any on e of the 31
TALK/LISTEN ADDRESS code p airs (sometimes called device I.D. numbers) .
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Data In 5 Data In

Addr ess Jumpers

4 Data In 3 Data In 2
LSB
Data In 1

Talk
Address
Characte r

L isten
Address
Character

Device
I .D .
CodΣ

0 0 0 0 0 @ SP 0
0 0 0 0 1 Α ! 1
0 0 0 1 0 Β " 2
0 0 0 1 1 C # 3

0 0 1 0 0 D $ 4
0 0 1 0 1 Ε % 5
0 0 1 1 0 F & 6
0 0 1 1 1 G ' (APOS.) 7

0 1 0 0 0 Η ( 8

0 1 0 0 1 Ι ) 9
0 1 0 1 0 J " 10
0 1 0 1 1 Κ + 11 .

0 1 1 0 0 L , (COMMA) 12
0 1 1 0 1 Μ - 13
0 1 1 1 0 Ν . 14
0 1 1 1 1 Ο / 15

1 0 0 0 0 Ρ 0 16
1 0 0 0 1 Q 1 17
1 0 0 1 0 R 2 18
1 0 0 1 1 S 3 19

1 0 1 0 0 Τ 4 20
1 0 1 0 1 U 5 21
1 0 1 1 0 V 6 22

1 0 1 1 1 W 7 23

1 1 0 0 0 Χ 8 24

1 1 0 0 1 Υ 9 25
1 1 0 1 0 Ζ . 26
1 1 0 1 1 [ , 27

1 1 1 0 0 \ < 28

1 1 1 0 1 ] = 29

1 1 1 1 0 .-~ > 30
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4-22 .

	

ADDRESSING OPERATION. Addressin g, which can only be done in the ΑΤΝ mode, is done as follows :

pulse .
(1)

	

Α code placed on the DATA IN lines by the b us controller causes generat ion of an ΑΤΝ CLK

(2)

	

If the code is the LISTEN ADDRESS code se lected by the jumpers, then the L LSN line will be
latched LO.

(3)

	

If the code is the TALK ADDRESS code se lected by the jumpers, then the LΤLΚ l ine will be
latched LO.

4-23 .

	

UNTALK-UNLISTEN OPERATION. The L LSN line can be cleared (set HI) by :

(1)

	

IFR (INTERFACE RESET)pulse from RESET CONTROL.

(2)

	

Receiving the UNLISTEN code .

Receiving the jumper se lected TALK ADDRESS.

The L TLK lin e can be clea red (set HI) by :

(1)

	

IFR (INTERFACE RESET) pulse from RESET CONTROL.

(2)

	

Receiving the UNTALK code .

Receiving the jumper se lected LISTEN ADDRESS .

(4)

	

Receiving any TALK ADDRESS other than the jumper-selected one.

TALK and LISTEN cannot occur together. When L ΤLΚ is LO, ΑΤΝ is non-assertive and SERIAL POLL is not in
effect, then the 59313Α is in the TALK mode. When L LSNis LO and ΑΤΝ i s non-assertive, then the 59313Α i s
in the LISTEN mode .

4-24 .

	

Source Handshake Ci rcuit .

4-25 . This ci rcui t operates only in the TLK mode (with or without the SERIAL POLL mode). For the
handshake to take place two conditions are necessary :

(1)

	

The 59313Α OUTPUT SEQUENCER sect ion must have placed its output data on the 8 DIO l ines
and set the Η OUTPUT READY l ine HI .

(2)

	

The bus listener(s) must have set the NRFD line HI and NDAC line LO. Two to four microseco nds
later the DAV (data valid) line will go LO to indicate to the listener(s) that the data is ready and at the same time
ΤLΚ CLK goes HI . When the li stener(s) have accepted the data they set the NRFD line LO and the NDAC line

III

and the source handshake circui t then sets the DAV line HI and the TLK CLK line L0. (The ΤLΚ CLK signal is
used by the output sequencer to get the next data byte ready .) The source handshake is disabled when either the
Η ΑΤΝ or LTLK line goes III.
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Control Decodi ng Circu it .

4-27 .

	

This section only operates in the LSN (listen) mode . The bus controller puts α control character (Table
43) on the DATA IN lines and α two-microsecond (μ s) LSN CLK pulse is sent to this block .

If the character i s

if

if

if

if

if

if

if

Any other valid 59313Α code will cause no output .

σ

Ο

σ α 2 Ms, RESET pulse occurs ;

α 2 μ s, STOP pulse occurs ;

α 2 μ s, START pulse occurs ;

α 2 μ s, ΕΧΤ START ENABLE pulse occurs ;

Η ENABLE SRQ goes HI;

Η ENABLE SRQ goes LO;

α 2 μ s, REV CHAN ON pulse occurs ;

α 2 μ s, REV CHAN OFF pulse occurs .

Table 4-3. Control Codes

Section IV - Principles of Operation
Model 59313Α

ASCII Character Data In Code Control Name
Η Χ 1 001 000 RESET

Ι Χ 1 0 0 1 0 0 1 STOP

J Χ 1 0 0 1 0 1 0 START
Κ Χ 1 0 0 1 0 1 1 EXT START ENABLE
L Χ 1 0 0 1 1 0 0 SRQ ENABLE
Μ Χ 1 0 0 1 1 0 1 SRQ DISABLE

Ν Χ 1 0 0 1 1 1 0 REV CHA N 0 Ν

0 x 1μ~1 11 REV CHA N OFF
IND IV

ICONTRO L CHARACTER

ID UA L CODES

PREF IX

IGNORED
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Service Request Ci rcuit .

4-29 .

	

This circuit functions whenever the SERVICE REQUEST feature and/or SERIAL POLL mode i s used.
The normal sequence of events is as follows :

" : ' "

	

ι ι ι

	

©

	

ι

	

' " '

(2)

	

When the bus controller senses the SRQ line LO it places the UNIVERSAL BUS COMMAND SPE
(SERIAL POLL ENABLE) on the DATA IN lines with the 59313Α in the ΑΤΝ mode.

(3)

	

This generates the two-microsecond ΑΤΝ CLK pulse, which makes the L SERIAL POLL MODE
line go LO because SPE is decoded .

(4)

	

This line LO inhibits the normal operation of the OUTPUT SEQUENCER .

The bus controller then addresses the 59313Α as α talker, which makes the Η TALK 0 Ν ΑΤΝ l ine

(6)

	

This is immediately followed by the SRQ line being clea red (HI, assuming that no other external
bus device is also holding i t LO) and the DI07 line being set LO to tell the bus controller that the 593Ι 3Α had
indeed pulled the SRQ line . The controller cannot identify the b us device that pulled the SRQ line LOexcept by
polling (unless there is only one device capable of doing so .)

(7)

	

The Η OUTPUT READY line also goes HI at this time to initiate the SOURCE HANDSHAKE
which w ill transfer the status byte to the bus controller .

(8)

	

After the status byte transfer, the controller UNLISTENS the 59313Α and may poll some other
bus devices b y sending thei r talk addresses .

(9)

	

When the poll, if any, has been completed, the controller places the UNIVERSAL BUS
COMMAND SPD (serial poll disable) on the DATA IN lines, ΑΤΝ CLK occurs, and the L SERIALPOLL MODE
lines goes HI . The normal 593 Ι3Α output is now available if the TLK mode is established .

4-30 .

	

Reset Controls .

(10)

	

If the ρ SERV REQ ENABLE character has not been sent or α conversion has not been
completed, the SRQ line will not be set LO. If the controller conducts α poll unde r these conditions, the 59313Α
sets the D107 line HI (when addressed to talk) indicating to the controller that it did not request se rvice .

4-31 .

	

The 59313Α may be reset in one of four ways :

4-32 .

	

POWER-ON RESET. When the 59313Α power switch is turned on the POWER ON pulse is generated for
1/2 second or so which causes the IFR (interface reset), the RST (reset), and the DCL + POR (device clear or
power on reset) pulses to be generated.

4-33 . RESET CONTROL CHARACTER . When this characte r is detected by the CONTROL DECODING
section (during LSN mode) the 2 μs duration RESET pulse is gene rated which in tu rn generates the RST (reset)
pulse . Both pulses hold until the integrator in the Α to D CONVERTER section is fully reset (2 .5 ms MAX) .



The RST pulse clears :

CHANNEL SELECTOR sect ion (no channel se lected)

OUTPUT SEQUENCER section (no output)

Α to D CONVERTER section (converte r cleared)

PACER section (no pace se lected)

The REVERSE CHANNEL and the LSN mode are not cleared.

4-34 .

	

DEVICE CLEAR/UNIVERSAL BUS COMMAND. When the bus controll e r pl aces the DCL commandon
the DATA IN lines (during ΑΤΝ mode) and the ΑΤΝ CLK pulse is generated, then the IFR, RST, and DCL +
POR pulses all occur (the same as power on).

The DCL + PORpulse clea rs only the REVERS E CHANNEL.

4-35 .

	

INTERFACE CLEAR. When the bus controller pulses the IFC (interface clea r) line LO, the IFR (interface
reset) pulse is gene rated .

The IFR pulse clea rs the L LSN and L TLK lines of the ADDRESS DECODING section and the L SERIAL
POLL MODE lin e of the SERVICE REQUEST sect ion, i .e ., the IFR pulse terminates the ΤLΚ, LSN, and SERIAL
POLL modes .

4-36 .

	

CIRCUIT DESC RIPTION.

Section IV- Principles of Operation
Model 59313Α

4-37 .

	

Each circ ui t may not be confined to one circuit board, however, each s ignal line has the same pin number
in eachboard connecto r, as shown on the schemat ic diagram, Figures 6-10, 6-11, and 6-12 .

4-38 .

	

Hewlett-Packard Interface Bus (HP-113) IN/OUT Connections.

4-39 . Each of the HP-ΙΒ 's 8 DIO (data in/out) l i nes can transmit data into or out of the 59313Α Α to D
Conve rte r via the b us connecto r (Figu re 4-3) . The way one of these l ines does this i s shown in F igure 4-4 .

When data is coming to the 59313Α , the instrument must be in the LSN mode and the open-coll ecto r driver on
t he cente r pc board is floating . The cir cui try then responds only to the HDIS and LDIS data inpu t li nes. When
data is leaving the 59313Α , the in strume nt must be in the TALK mode with the cente r board dr iver dr iving the
data line DIOS (data in/out but in this case out only), whil e the inpu t circ ui try ignores the HDIS and LDIS lines .

4-40 .

	

Input Buffers ( Figure 4-5.) .

4-41 .

	

Each of the four analog input channels starts wi th an operat ional amplifier connected in the non-inverting
mode to p rese nt α high impedance to the input signals . Each amplifier's ga in can be changed to one of four
di fferent levels by α jumper that changes the feedback resistor .

4-42 .

	

The GAIN and ZERO POTS con trol the common summing amplifier (BOTTOM BOARD U27), which
follows the inpu t b uffe r ampli fi ers. The gain control is part of the inpu t res i stance for U27 and thereby varies the
stage gain . The ze ro control adds or subtracts α smal l constant current to the summing junction (v irtual ground)
α[ U27 pin 2 to make the zero off set correction . When the FET switch for the channel i s off (open), the controls
have no effect . When the phone plug is removed from one o f the input jacks, the switching contacts in the jack
connect the input to the inte rn al cali b rat ion vo ltage .

4- 1 1
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AME COMMENT

U SE D
DATA Ι /Ο L I NE S

NOT USED

US ED
HAN DSHAKE
L I NE S

U SE D

NOT CONNECTED

U SED
DATA L I NE S

NOT USED
OR 6
11 7
Is 8

~~ 9
10
11

24

	

GND FOR OTHERS

Figure 4-3. Interface Bus Connecto r Pin Assignments

PIN L INE
1 D I01
2 D I02
3 D I 03
4 D I04
5 ΕΟΙ
6 DAV

7 NRFD

ι 13 8 N DAC
cσ
2 14 9 IFCC= C=
3 15C= C= 10 SRQ

MATES W IT H
α ι 6σο5 ιτ 11 ΑΤΝ

10631 Α / β /C
οσ

12 SHI EL D
ΗΡ ΙΒ CABLE 7ο_Ι 9 Ι20 13 DΙ05

σσ
9 21 14 D I06C= C=
°° 15 D I 07Ι Ι 23C= C=
12 24 16 D I 08οσ

17 REN
18 GND

19 11

20 91

21 It

22
23



J8

Figure 4-4. Simplified Diagram, Data /n/Out Connections
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24 PIN BUS
CONNECTOR

FLAT
R I BB ON
CA BLE

+SV OPEN COLLECTOR

~
D I05 D R IVER

3Κ
D I 05 c DI05 3

Η U19
( HP ΙΒ CABLE)

rLO=ASS ERTI VE 6 .2 Κ 47310-60130
ι HI =NON-ASSERTIVE) HD I S C ENTER

P C . BOAR D

U6 " HD I S

12
47310-60150 LD I S
BU S 47310-60110
CO NNECTO R BOTTOM
P C . BOA RD P.C . BOARD 47310-60120

TOP PC . BOAR D



Sect ion 1V - Principles of Operat ion
Model 59313Α

4- 1 4

CA L VOLTAGE
FROM CA L I BRATION
VOLTAGE BLOCK

HIGH I NPU T IMPE DA NCE
VARIABLE GAIN & ZERO

AMPL I F I ER
U23& R ΙΤΟ 9

(BOTTOM BOAR D)

HIGH INPUT IMPEDAN CE
VA R IABLE GAIN & ZERO

AMPL I F I ER
U20& RIOT018

(BOTTOM BOARD)

HIGH INPUT I MPE DA NCE
VAR IABLE GAIN & ZERO

AMPL I F I ER
U12 & R19TO27

(BOTTOM BOAR D)

HIG H INPUT I MPE DANCE
VARIABLE GAIN & ZERO

AMPL I F I ER
US& R 28 ΤΟ 36

(BOTTOM BOA R D)

iέ SWITC HE S ARE PART O F REAR PANEL PHONE JACKS,
AND CO NNECT CA L VOLTAGE WHEN
SIGNAL IS NOT PRESEN T.

Figure 4-5. Block Diagram, InputBuffers

ANALOG SIGNAL S
TO
CHANNEL SELECTOR



4-43 .

	

Cha nnel Selector .

4-44 . The channe l selecto r (Figure 4-6) responds to programming inputs from the calculato r to select the
channe l fo r data convers i on . Select ion may be de layed until the precedi ng conversion is completed .

4-45 .

	

ANALOG INPUTS . From an analog s ign al point of view, α channel is selected w hen its FET sw i tch is
t urned on (ON FET -70 ohms) . The signal from that channel th e n appears inver ted at U27 pin 6 . The vo ltage α 1
U27 p i n 6 t hat produces α fu ll scale o u tpu t from th e 59313Α is always about ±9 .5 Vdc regardless of which range
has b een se l ected . I f more than o ne channel is selected , t hen t h e s i gn al at U27 pin 6 is t h e sum of tile i n divid u al
s ign als .

4-46 .

	

D IGITAL CHANNEL SELECTI ON . From the digital point of view α channel is selected as follows ( Tab le
4-4) : The bus ta lker places α channel se l ect character on the DATA IN lines wh i le the 59313Α is in tile LSN
(listen ) mode and α LSN CLK pulse is generated . If the data characte r is α channe l select cha r acte r , then the
CHANNEL SE LECT CHARACTER PREFIX DETECTOR bl ock wil l detect that DATA IN lines 5 and 6 a re both
in th e TRUE state and th e S ELECT CHAN pulse is generated . Thi s pulse clock s the 4 fli p - fl op s in the SWITCH
CO NTROL b lock which then latch the code presen t on DATA IN l in es 1 t hru 4 into their Q outputs . Any Q
ou t put that is HI will t u rn on the FET it is connected to (th ru inver te r -bu ffer U 17) .

4-48 . Pacer .

Table 4-4. Channel Selection Code

Tile standard channel sel ect cha r acters

	

10

	

® ® only turn on one channel at α time and t urn off αηγ
other that may be oil . To turn oil more th an one cha nnel it is only necessary to select an ASCII code cha racte r
with th e req uired bits HL (See ASCII CODE c} ι art, Table 4-7 .)
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4-47 .

	

DELAYED CHANNEL SELECTION . Α s l igh t variat ion to the normal channel selectio n seq uence exists
when the Α /D CON V E RTER sect ion is i n the two-millisecond pa r t of its cycle, in whi c lι it is using th e analog
inp ut and has set the Η LOOKING AT CHAN NEL line HI . Th is li n e and the Η ΓΗΑΝ PR EF IX DETE CTED lin e
HI activate the HAND SHAKE INHIBIT bl ock to set t he Η CHAN C HANGE ΙΝΗΙΙ 3 ΙΤ li n e Hl, which prevents th e
gene r at i on of the LSN CLK pulse by th e ACC EPTOR HANDSHAKE block . As soon as th e Α /D CONVERTER
section is through wit h the analog input, the Η LOOK I NG AT CHANNEL line goes LO, the LSN CLK p ulse is
generated , and th e new channel is selected .

4-49 . Th e pacer ( F igu re 4-7) sets th e conve r sion rate, and is prog rammed from the calculator . These rates
include α no conversio n cho i ce, one conve r s i on, and au tomatic pacing from 200 m s to 5 ms intervals .

4-50 .

	

INTERVA L G ENERATION . The 10 MHz OSCILLATOR and the FREE RUNN I NG DIVIDER produce α
con tinuous 10-microsecond i n terv a l pulse into the RES ETTABLE D IVI DER b lock . The RES ETTAB LE
DIVIDER, when it is not reset, p roduces 6 pace-interval pulse tr ains with intervals of 5 ms, 10 ms, 20 ms, 50 ms,
100 ms, and 200ms which a re supplied to the PACE S ELECTOR SWITC H block .

4- 1 5

CODE FET ΟΝ CH AN ΟΝ

Χ Χ 1 1 0 0 0 1 Q1 1

Χ Χ 1 1 0 0 1 0 02 2

Χ Χ 1 1 0 1 0 0 Q3 3

Χ Χ 1 1 1 0 0 0 Q4 4
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ANALOG
SIG NALS -f
FROM -i
INPUT
BUFFERS

4 L I NES

SWITCH
CO NTROL

U 17 (4,6,8,10)

BOTTOM BOARD

~U9(2,12)
U16(2,12)

DATA IN L I NES
1 THRU4

'sι

	

C HANNEL SELECT
SELECT CHAN

	

CHARACTER

υ34(4)

	

PREF IX DETECTOR

TOP BOARD

DATA IN L INES
5AND6

033(9)

	

HANDSHAKE

	

Η CΗΑΝΗ LOO K ING

	

INHIBIT

	

03316)
AT CHANNEL

	

CHANGE
INHIBIT

TOP BOARD

F igure 4-6. Block Diagram, Channel Selector

~ ~U3311)
Ι~-JZLSN CLK

03411)

±9,5 SIG NAL
INVERT E D

Η CHAN
PREF IX
D ETECTE D



J 1

ΓΕ Χ Τ~
START

2

fη� , LSN CLK

FROM
HP-113
INTERFACE

10 ΜΗΖ

	

2 ΜΗΖ

	

1 ΜΗΖ

AS REQU IRE D

PACE SELECT
CHARACTER
PREF IX DETECTOR

-START U11

USTOP
U1

-UEXT START

	

U170)
ENABLE

I NTERNAL
START/STOP

U 1 1(8, 9, 10)
TOP BOARD

U15, 16, 17
TOP BOARD

PACE SELECTOR

SWITCH

υ 2ο
TOP BOARD

U11(8)

L START

EXTERNAL
START

	

Ι υ 17(6)

U ΕΧΤ SΤΑRΤ

Figure 4-7. Block Diagram, Pacer

Section IV - Principles of Operation
Model 593131Α

PACE INTERVAL
PULSES

U9(5)

Α
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PAC E START υ9
6 PACE SWITCH (4) f PACER
I NTERVAL " TIME M ARK

L I NES U9(6) (TO Α/D
TOP BOARD SECTION )

FREE RES E TTABLE
RUNN I NG

υ2(1) DI VIDER
DIVIDER

logs U2,3,7,19,21
U 1, U6 TOP BOARD
TOP BOARD

RESET
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4-51 .

	

PACE RATE SELECTION. While the 59313Α is in the LSN mode, the bus ta lker pl aces α pace se lect
character on t he DATA IN lin es and α LSN CLK pulse is generated . If the character is α pace select character,
then the PACE SELECT pulse is generated by the PACE SELECT CHARACTER PREFIX DETECTOR block .
The PACE SELECT pulse clocks the 3 flip -flops in the PACE SWITCH CONTROL BLOCK . The Q outputs of
these flip-flops then reflect the code on the DATA IN lines 1, 2, 3 . The PACE CODE on the Q outputs co ntrols
the PACE SELECTOR SWITCH b lock to se lect one of the 6 pace inte rvals suppli ed by t he RESETTABLE
D IV IDE R block (Tab le 4-5) . The PACE SELECT pulse also goes to the Α/D CONVERTER section to blank any
false pulses wh ich may be cau sed by the p ace change .

Table 4-5. Pace Selection Codes

4-52 .

	

INTERNA L START. While t he 59313Α is in the LSN mode t he bus talker sends the START character
^ which generates the START pulse from the CONTROL DECODING sect ion . This sets the INTERNAL
START/STOP b lock L START line HI which enables the PACE START switch block so i t can pass the PACE
INTERVAL PULSES to the Α/D CONVERTER section . At the same time the RESETTABLE DIV I DER block is
taken off reset and starts ge nerating its 6 pace in terval pulse trains. Wh ichever of the 6 pace in te rval pulse trains
(or 2 static levels) that is selected b y the PACE SELECTOR _SW ITCH will then appea r on the PACER TIME
MARK line .

σ

4-53 . EXTERNAL START. Whi le the 59313Α is in t he LSN mode, the bus talker sends the ΕΧΤ START
ENABLE character ρΚ which gene rates the ΕΧΤ START ENABLE pulse f rom the CONTROL DECODING
sect ion . T h is allows the EXTERNAL START block to respond to the signal from the exte rnal start jack. Then
when eithe r α LO to HI or α HI to LO transition (α TTL leve l or contact closure to ground) occurs at the jack, the
ΕΧΤ START pulse is gene rated. Th is t riggers the INTERNAL START/STOPblock to fun ction the same as it does
w hen it gets the START pulse . (See internal start, Paragraph 4-52). The filter ing used to prevent false triggering of
the exte rnal star t circuit introduces α typical delay of 0.1 to 2 mi l li seconds depending on wh at is used to drive the
li ne.

4-54 .

	

PACER STOP. While the 59313Α is in the LSN mode the bus talker send s the STOP characte r

	

Ι

	

which
gene rates the STOP pulse from the CONTROL DECODING section . This causes the INTERNAL START/STOP
block to set the L START line LO which disables the PACE START SWITCH and the PACER TIME MARK line.
The RESETTABLE DIV I DER is also reset and held there .

Code
Pace Select
Character Pace Interval

Χ 1 0 0 0 0 0 0 @ No ne
Χ 1 0 0 0 0 0 1 Α One Conversion
Χ 1 0 0 0 0 1 0 Β 5 ms
Χ 1 0 0 0 0 1 1 C 10 ms
Χ 1 0 0 0 1 0 0 D 20 ms
Χ 1 0 0 0 1 0 1 Ε 50 ms
Χ 1 0 0 0 1 1 0 F 100 ms
Χ 1 0 0 0 1 1 1 G 200 ms

1 8 7 16 5 4 3 2 1

IG N

`

Ο

~

R

Τ

Ε

-

D

-~

INDI VID UA L PACES

INDICATES PAC E CHAR ACTER
Ι

DATA INPUT L I NES
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Α/D Co nverter ( Figure 4-8) .

4-56 .

	

The basic dual-slope converter cycle is as follows:

Section IV - Principles of Operation
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(1)

	

The unknown voltage is applied to the input of an integrator for αfixed time interval . At - the end
of the interval the unknown voltage i s disconnected and the integrator output remains at some voltage
proportional to the unknown.

(2)

	

Α known reference voltage of opposite polarity i s applied to the integrator and the time it takes
the integrator to return to the starting point is stored in α counter. The stored time is then proportional to the
unknown voltage and is the Α/D output .

In the Α/D CONVERTER description to follow, frequent reference will be made to lines and components on the
schematic diagram (Figures 6-10-6-12) that may not appear in the block diagram, Figure 4-8 . The timing of the
conversion cycle is shown in Figure 4-9 .

4-57 . ANALOG SIGNAL OFFSET . The ±9.5V SIGNAL INVERTED is scaled and offset by the ANALOG
OFFSET AMP block, as in Table 4-6 . The output is positive for all inputs . The signal is offset slightly more than
that required to make α -- (Minus) full scale input coincide with zero volts out. This insures that some + voltage is
available for the integrator input for all signal voltages . The error generated by this offset is removed later
digitally . When the analog input exceeds the normal full scale range, one of two analog clamps (b ottom board
U 18 and U21) are activated to prevent the ANALOG OFFSET AMP output from exceeding the range of +1 .0 to
10 .9 volts, which could interfere with integrator operation.

Table 4-6. Offset Amplifier Transfer Functions

4-58 . STARTING THE CONV ERSION. Α PACER TIME MARK edge to U2 pin 11 generates the START
CONVERSION edge to U1(5) which sets the Η RUN/L RST line HL This sets the L START RAMP/Η
RETURN RAMP line HI at U3 pin 3, which causes bottom board Q7 to turn on, the reby connecting the analog
input signal to the integrator, UI1 . This line also turns Q6 and Q8 off (open) so the integrator is no longer
clamped to +30 mV. The integrator output now starts moving in the negative direction towards zero volts . The
time it takes the integrator to get to zero varies with the signal voltage (Figure 4-10) .

4-59 . FIXED 2048-MICROSECOND TIME INTERVAL. As the INTEGRATOR crosses zero volts, the
COMPARATOR (bottom board U10) switches state and the L RAMP ACTIVE line goes LO to signal the start of
the 2048-microsecond fixed time i nterval . At this time, RAMP ACTIVE l MICROSECOND CLOCK pulses start
coming from top boa rd U5(9) to center board Ul7(1 1) which passes them to the counters (Ul0, Ul6, and U22).
2048 pulses later, middle board U4(1) gets clocked, signalling the end of the fixed time interval . The integrator
output is now at some voltage proportional to the analog input voltage.

4-60 .

	

OFFSET SUBTRACTION . The clocking of U4(1) sets the Η START RAMP/L RETURN RAMP line LO
which turns bottom board Q7 off and Q6 on, thereby connecting the --9 .5 volt reference to the integrator, Ul 1 .
The output of U11 then moves in the positive direction, towards zero .

4- 1 9

Analog Inpu t Signal ±9.5V Signal (Inverted) Offset Amp Output (Approx.)
+ Over-Range -10 to -14V +10 .9V
+ F ull Scale -9.5V +10.7V
Zero OV +5.9V
- Full Scale +9.5V +1 .2V
- Over-R ange +10 to +14V +1 .OV
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CO UNTERS

U10, 16, 22
C ENTERBOARD

LATCHE S

U 9, 15, 21
CEN TERBOARD

CONT ROL
LOGIC

(ALL BOA RDS,
MOSTLY CENTER)

11 BIT TWO'S COMPLEMENT
" Α/D OUTPUT TO

OUTPUTSEQUENCER

Τ

U2(1 1)
CENTERBOARD

J 1(Χ )

	

L RAMP ACTIVE

Figure 4-8. Block Diagram, AID Converter

-G ROUND
REFERENCE

I~ η η

	

10 ΜΗΖ
J υ υ ι AND 1 ΜΝΖ C LOCKS

FRO M PACER

J- PACER TIME MARK
FROM PACER (STA RTS
CO NVERSIO N )

+9 .5V
SIG NAL
INVER T ED
FR OM
CHANNEL
SELECTOR -9.5 REFERENCE
(Α/D I NPUT FROM CA LIBRATIO N
SIG NAL) VOLTAGE

ANALOG OFFSET FET SWITCH INTEGRATOR J3(9) CO MPARATOR
AMPL I F I ER U 19(6) -

Q6,Q7 U 11 U10
U 19 BOTTOM BOTTOM BOTTOM
BOTTOM BOARD BOARD BOARD B OARD



5000 μs

4750μs-

2048 μs

Τ1

	

Τ2

	

Τ3 Τ4

TO IS START-CO NVERSIO N SIGNAL FROM PACER .

T1-TO IS START UP D ELAY (SEE GRAPH IN FIG URE4-10).

T2-T1 IS TIME I NPUT IS NEEDED FOR CONVER SION, CHANNEL SWITC H ING IS LOC KE D OUT, COMMAND WI LL
HOLD AT CHANNEL SWITCH CHARACTER .

Τ3, OUTPUT FOR PRESENT CONVER SIO N BECOMES AVAI LABLE AND REMAI NS AVAI LABLE FOR OUTPUT
UNTI L NEXT T3 .

Τ4, START OF NEXT CONVERSION IF PACER IS SET F OR 5 ms; Τ4 E XTENDS TO 10, 20,50 ms, ETC. IF PACER
IS SET TO 10, 20, 50 ms ETC .

SRQ L INE IS PULLED AT Τ3 (IF ENABLED) .

CHANNEL SWITC H I NG SHOULD BE DONE >100μs BEFORE TO.

Figure 4-9. Timing Diagram, Conversion Cycle
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C14
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Ο

Figure 4-10. Graph, Start-up Delay vs Inpu t Voltage



4-61 .

	

Also at thi s time pin 7 of cente r board counter U10 goes LO to inhib i t that sect ion of the counter . The 11
bi ts of the counter that are used are all LO now. The fi rst two counter sections, Ul 6 and U22, cont inue to count
until 256 counts (mic roseconds) later , J4(5) is clocked . The 11 used counter bits are again at α11 zeros and the
256 counts have been lost to compensate for the extra analog posit ive offset mentioned prev iously.

4-62 .

	

INTEGRATOR COUNTDOWN. The clocking of U4(5) makes counter U10 pin 7 HI again so the whole
counte r can count at the 1 MHz rate until the integrator returns to zero . When the integrator gets to zero, the
comparator sw itches state and the L RAMP ACTIVE line goes HL signal li ng the end of the countin g . The RAMP
ACTIVE 1 M ICROSECOND CLOCK .pulses now stop and the stat i c co unters contain the Α/D o utput. Top board
U18 (2, 3, 6) and U9 (1, 2, 3) in sur e that the last pulse is of suffi cient duration to properly clock the counters.
The L RAMP ACTIVE l ine being HI also turns on FET Q7 (bottom board) which clamps the integrato r at +30
mV. The -9 .5 V is st i ll on th ru Q6 .

4-63 .

	

END OF CONVERSION. During the l ast half of the 2048-n ιic rosecond fixed time interval , cente r board
fl ip -flop Ul was reset at pin 2, which reset U6 (decoder U7 was blanked during thi s reset to prevent unwanted
output spikes). All the even ts mentione d so far are always complete prior to the TM PLUS
4750-MICROSECONDS edge which clocks cen ter board Ul 4750 mic roseconds afte r PACER TIME MARK
initiated the conve rsion . U6 t hen comes off reset and starts countin g which gene rates fi rst the LATCH pulse at
U7(6) to latch the counters outpu t in to the LATCHES (U15, U21, U9) and then the EOC (end of convers ion)
pulse of U7(8) which resets the counte rs, and flip -flops U2(10), U1(6), U4(2), and U4(6) thereby preparin g the
circuitry for another conversion cycle .

4-64 .

	

One small va riation 1ο the cycle exists when the HALF-OUTPUT INHIBIT li ne is LO indicating that only
one of the two outpu t bytes from the previous conversion cycle has been prod uced . Under th is condition, the
LATCH pulse does not reach the latches and the cur rent conve rsion is not transferred to the latches .

4-65 .

	

NEGATIVE OVERRANGE OPERATION. If the analog input vo ltage i s more negat ive than negative fu ll
scale then the integrator gets back to zero during the extra offset subt raction and the center board U5(4) goes HL
The counters are then held reset for the remainder of the cycle and the d igital output is clamped to negative fu ll
scale .

Sign bit is taken from Q output so is inverted .

4-67 .

	

Output Sequencer (F igure 4-11).

10000000000 = neg fu l l scale = -1024

4-66 .

	

POSITIVE OVERRANGE OPERATION. If the analog input voltage is more positive than posit ive full
scal e, then the integrator will not get back to zero before the counters overflow . When they try to overflow
U10(15) goes HI which inhibits add i t ional clock pulses to the counte rs, the outputs then remain at all ones for
the remainde r of the cycle and the digita l output is clamped to pos itive fu l l scale.

0 1 1 1 1 1 1 1 1 1 1 = pos fu ll scale = +1023

Section IV - Principles of Operation
Model 59313Α

Sign bit is taken from Q output so is inverted. (See Appendix IV for two's complement conversion .)

4-68 .

	

In α normal operating sequence the END OF CONVERSION pulse resets the output sequencer flip-flop
which sets the L SELECT 0 line LO which di rects the byte selector circuit to select the 3 most significant b i ts of
the 1 Ι b i t Α to D CONVERTER output (the othe r 5 bits of the 8 bit byte are all tied to the most significant bit,
that i s, the sign bit) . Also at thi s time the Η DATA READY line goes HI to signal the source handshake circui t
that the output is ready . As soon as the 59313Α is in the TLK mode the Η TALK 0 Ν ΑΤΝ l ine goes HI and this
first byte is placed on the 8 DIO (data in/out) lines of the bus. When the bus li stener has accepted the byte t he

4-23
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L S ER IA L PO LL MODE
FROM HP-113 INTERFAC E

Η TA LK ΟΝ ΑΤΝ

11 BITTWO'S
COMPLEMENT
FROM Α TO D
CO NVERT ER

FROM
Α TO D

FR OM HP-113
I N TERF AC E

Figure 4-11 . Block Diagram, Output Sequencer

Figure 4-12. Block Diagram, Reverse Channel

L INHIBIT LATCH I F
O LD DATA IS HALF
OUTPUT (A TO D CO NVERTER)

ZfRεν U17(13)
CHAN ΟΝ (" REVER SE

OPEN COLLECTO R REV CHAN

-U-REV U 8(4) C H ANNEL J 1121) TRANSISTOR TO REAR
CH AN O FF

L ATCH PANEL
U17(11), U8(6) Q9 REV CHAN

-I.J- DCL + POR 410 TOP BOARD BOTTOM BOARD JACK



AC L INE
VOLTAGE

PRECISION
REFERENCE
VOLTAGE

υ22
ΒΟΤΤΟΜ BOARD

J4(6)
-9.5V

	

REFERENCE VOLTAGE
TO Α TO D CONVERTER

VOLTAGE
DIVIDER

R37, 38, 53, 56, 57
BOTTOM BOARD

Vcαι TO
INPUT BUFFERS

Figure 4-13. Block Diagram, Calibration Voltage

Figure 4-14. Block Diagram, Power Supply
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RECTIFIER
REGULATOR

u2s171

AND -15 VOLT SUPPLY
U26(4,5) Ί I .C .

STORAGE -~+
CAPACITORS υ2s uzs121
C18, C19, CR 10

BOTTOM BOARD +15 VOLT SUPPLY
BOTTOM BOARD

RECTIF I ER
REGULATOR

AND
U2511) I .C . U25(2)

STORAGE +5 VOLT SUPPLY
CAPACITOR U25
C13, CR 11 and 12 BOTTOM BOARD
BOTTOM BOARD

CAL VOLTAGE
SELECTOR
SWITCH 1

CENTER PIN
REAR PANEL ON SWITCH
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source handshake cir cui t completes the TLK CLK pulse w hich makes the L SELECT 0 line go HI . The BYTE
SELECTOR circ uit then pl aces the second 8 bit byte (consisting of the 8 least s i gnifican t bits) on the bus DIO
lines. Again, the TLK CLK pulse is generated and the Η DATA READY l in e goes LO so no more bytes can be
outpu t until the next conversion is done and the seq uence is repeated . Between the first and second bytes the
HALF-OUTPUT INHIBIT line is LO so no new conversion data i s available until all the old is transferred out . If
neither of the two bytes is transferred, the n the new conve rsion data will replace the old.

4-69 .

	

I f the 59313Α is in the SERIAL POLL mode, then the L SERIAL POLL MODE l in e is LO, the byte
selector circuit is disabled (the open co ll ector DIO line dr ivers are all floating), and the out put sequencer ci rc uit
ignores the TLK CLK pulse .

4-70 .

	

Reverse Chan nel ( Figure 4-12).

4-71 .

	

When the 59313Α i s in th e LSN (li sten) mode the b us ta lk er send s the ASCII characte r Ν wh ich causes the
control decod ing sectio n to generate the REV CHAN ON pulse which sets J I(21) HI and TRANSISTOR Q9
saturates, grounding the REV CHAN line.

When the ASCII character Ο (the letter Ο) is received, the REV CHAN OFF pulse is generated, J 1(21) goes LO,
transistor Q9 turns off and the REV CHAN lin e is float ing . The DCL+POR (dev ice clear or power on reset) pulse
also sets J 1(21) LO at power on or when the unive rsal bus command device clea r is received (see Parag raph 4-34)
t hereby turning off Q9.

4-72 .

	

Calibration Voltage .

4-73 .

	

The precision refe rence voltage ci rcuit generates α stable approximately - 9 .5 volts at its output . This -9 .5
volts feeds the voltage divider, α resist iv e d ivider chain. The cal voltage se lecto r sw itch ch anges the cal voltage by
shorting the outpu t to ground for zero v olts, by shorting out some of the resistors fo r the -5 volt cal, and by
leaving all the resistors in the st ring fo r the

	

= 1 volt cal . The input b uffers that the cal voltage gets connected to
t h ru the input jacks have α h igh enough input impedance and α low enough b ias cu rrent so they do not load down
the divide r chain .

4-74 .

	

The calibration voltage is provided as α convenient means to set the individual channel gains and is not
in tended to be α voltage standard . If absolute accuracy is essential, some extern al calibration re ferences should be
used. Because t he cal voltage is derived from the Α/D CONVERTER -9 .5 reference voltage, the conve rte r output
will not show α gain change i f the -9.5 changes and the cal vo ltage is used for calibration .

4-75 .

	

Power Supply ( Figure 4-14).

4-76 .

	

The power transformer takes the 115 volt (primaries in series) or 230 volt (primaries in parall el ) ac line
voltage and conve rts it to about 19 Vrms on the RED wire secondary (RED to cente r TAP) and to about 1 0-1/2
Vrms on the ORG wire secondary (ORG to center tap) . The transformer has internal non-replaceable 103°C
thermal c utouts in the primaries .

4-77 .

	

+5V SUPPLY. The 10-1/2V from the ORG secondary is full-wave rectified and stored between ac cycles
by the rectifier and storage capacitor to produce an average of about +12V. The REGULATOR [.C . takes the
high ripple +12 and regulates it to almost r ip ple free +5 volts . The regulato r I.C . also provides current limiting so
accidental sh ort circuits do not damage the circuit. Excess heat generated by the I .C . is dissipated into the heat
sink bracket .



4-78 .

	

±5V SUPPLY. The 10-1/2V from the ORG secondary i s fu ll-wave rectified and stored between ac cycles
the recti fier and storage capac itors to prod uce an average of ±25V. The regulator I.C . takes the high-ripple ±25V
and regulates it to almost ripple f ree ±15 volts . The regulator I .C . also provides current limi tin g so accidental
short circ ui ts do not damage the circ ui t. Excess heat gene rated by the I .C . is diss ip ated into the heat sink bracket .

Table 4-7. Interface Bus Code Set

ASCII CODE S

(AMERICAN STANDARD CODE FOR INFORMATIO N INTER CHANGE)

ADDRESS MODE

UN IVERSA L NL ISTENU
COMMANDS COMMAND

DATA MODE

	

NOT USED
EXCEPT

	

ALL DATA

CR , LF AS
WORD T ERM INATOR S

ι
LISTEN TALK

Section IV - Principles of Operation
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UNTA LK NOT
COMMAND U SE D

ADDRESS ADDRESS
-_ -_--Ι

-y Υ
NOT
USED

4-27

BITS
b, y
b,,-~
b ς -~

00 0 0 0 1 01 0 0 1 1 1 0 0 10 1 1 1 0 11 1

ba b, b: b, COLUMN
3 4 5 6 7OW 0 1 2

0 0 0 0 0 NUL DLE Ι SP Ι
z @ Ι

0 0 0 1 1 SO H DC1 IMMUMMI

ο ο 1 ο 2 STX DC2 ~ι~s ιι~σι h

ο ο 1 1 3 ΕΤΧ DC3
i~sιι~sι ~ ~

ο 1 ο ο 4 EQT DC4
ισ~ιι~~ι - λ

0 1 0 1 5 ENQ ΝΑΚ
ι~© ~Ι

e υ

0 1 1 0 6 AC K SYN
ι~©

0 1 1 1 7 BEL ΕΤΒ
ι

1 0 0 0 8 BS CAN
ι

1 0 0 1 9 HT EM 1 9

1 0 1 0 10 LF SUB - .

1 0 1 1 11 VT E SC

1 1 0 0 12 FF F S
Ell

____1 1 0 1 13 CR GS ι -

1 1 1 0 14 SO RS ι , ~ "

1 1 1 1 15 SI US / ο D EL
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5-1 . I NTROD UCTION.

5-2 .

	

This sect ion conta in s mainten ance and serv ice informatio n, including α table of recommended test
equipment, α mi nimum performa nce check, adjustments, and troubleshootingprocedures .

5-3.

	

Test Equipment .

511 .

	

Tab le 5-1 lists the test equipment recommended for maintaining and checking the performance of the
59313Α . Test equ ipment having equiva lent characteristics may be substituted for the equipment li sted .

5-5. Disassembly .

SECTION V
MAI NTENANCE

5-6.

	

The Model 59313Α Α/D Converter may be disassembled as follows (Figure 5-1) :

α .

	

Remove the top, bottom, and left side covers .

b .

	

(1)

	

Remove four sc rews (Α) securing the upper board assembly .

Section V - Maintenance
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(2)

	

By the transformer there is α place (Β) where the forefinger can reach under both Top and Middle
circuit boards . Pull up with the f i nge r, thereby disengaging the connector .

c.

	

(1)

	

Carefully remove the eight w ires attached to the four input cables (C) from the ρε board pins, the
four power and talk er lamp wir es ac ross the front of the l owe r board (D), and the six external-sta rt, cali brat ion
switch, and ground wir es along the rea r of the board (Ε) .

(2)

	

Remove plugs Ρ6 and Ρ8 connected to the rea r of the board.

d.

	

Stand the instrument on i ts left side (transformer up), and remove five sc rews designated (F).

e.

	

Stand the instrume nt on its right side (transforme r down).

Remove two sc rews (G) from the top of the board.

(2)

	

Remove two screws (Η) from the bottom of the board.

Remove two screws (Ι) holding the transformer .

(4)

	

Remove one screw (J) holding the p rimary power cable.

(5)

	

Swing the transformer out of the instrument (Figure 5-1, part 6), and rest it on the table surface,
making sure that the primary wir es are not pulled or broken.

f .

	

With the instrument on its left side again , and with the componen t side of the ρε board facing you:

(1)

	

Grasp the right sc rew tab (Κ) withyour ri ght hand.

(2)

	

Reach around and grasp the left lower edge of the pc board from behind (L).

(3)

	

Lifting up on the tab and pc board, slide the board to the left .
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Table 5-1. Recommended Test Equipment

(4)

	

Pulling on the right tab, angle the right side of the board, making sure the ZERO and GAIN
potentiometers and pc board edge clear the front panel bushings .

(5)

	

Slide the board to the right and, while lifting on the tab and ρι board, angle the left edge of the
board away from you and out of the in strument, making sure theheat sink clea rs the side cast ing and the p rimary
power cable clea rs the two screw tabs .

g . In stall the replacement board by reversing the disassemb ly procedure .

5-7 .

	

M INIMUM PERFO RMA NCE C HECK .

5-8 .

	

Prelimi na ry Setup .

5-9 .

	

No warm-up per iod is required to per form these performance checks . Before applying power, verify that :

(1)

	

The rear panel vo ltage se lector (115/230) switch is in the correct position (Figure 2-1) .

(2)

	

Α fuse of the correct rating is in the rear panel fu se holder (Figure 2-1) .

5-10 .

	

For the standard HP-113 sequences required to send an address, α universal bus command, or α control
characte r (Table 5-2), refer to the controller manual(s) for details on how to achieve these standard HP-ΙΒ
sequences. W i th most controll ers (Tab le 5-1) the handshake and the ΑΤΝ line are taken care of w i thout the
knowledge of the operator.

Instrument Characteristics Suggested Model No.
Digital Voltmeter 5 Digit Disp lay HP 3490Α - for any check

0 to ±15 Vdc

4-1/2 Digital Display HP 3480 - for any check except linearity
0 to ±15 Vd c

Logic Probe Low-Power TTL Compatible HP 10525Τ

HP-113 Controller Send ASCII over bus . R eceive and HP 9815Α desktop
manipulate b i nary. Display or print HP 9820A calculator
numbers . HP 9825A w/HP-113

HP 9830Α interface

Variable Voltage 200 μV resolution HP 6111A Power Su pply
0 to 20 volts (floating)

F reque ncy Counter Period fu nction 5 ms to 200 ms HP 5300Α/5302Α



Figure 5-1 . Disassembly (1 of 6)
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Figure 5-1 . Disassembly (2 of 6)



Figure 5-1. Disassembly (3 of 6)
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Figure 5-1 . Disassembly (4 of 6)



Figure 5-1. Disassembly (5 of 6)
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Figure 5-1 . Disassembly (6 of 6)



Table 5-2. Program Commands

The Mod el 47310Α responds to the followi ng program characters:

ςection V - Maintenance
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5-1 1 .

	

Sendin g an address of unive rsa l bus command* means that the bus controlle r (the desktop calculator) is
programmed to :

(1)

	

Set the ΑΤΝ l ine LO (assertiv e) .

(2)

	

Apply to the bus data input and output (DIO) l ines the desired ASCII address/command code .

(3)

	

Perform the bus handshake.

(4)

	

Set the ΑΤΝ l ine HI (non-assertive).

5-12 .

	

Sending α cont rol characte r* means that the bus controll er i s programmed to :

(1)

	

Send the 59313Α LISTEN address as desc ribed above .

(2)

	

Apply to the bus DIO lines the desired ASCII control character code. See Table 5-2 for control
characters .

(3)

	

Perform the bus handshake.

*Refer to the manual for the controller in use to determine how to do this.

5-9

Pace Rate Selection Channel Selection
Α - One conversion only 1 - Chan 1
Β - 200 Hz 2 - Chan 2
C - 100 Hz 4 - Cha n 3
D - 50 Hz 8 - Cha n 4
Ε - 20 Hz
F - 10 Hz
G - 5 Hz

Control Universal Bus Commands
Η - Reset (all except rev. ch.) Binary
Ι - Stop (pacer) Eq uiv .
J - Start ( pacer) 20 - Device Clear
Κ - External Start Enable 24 - Serial Poll Enab le
L - SRQ Enable 25 - Serial Poll Disab le
Μ - SRO Disable 63 - Un listen
Ν - Reverse Chan . on 95 - Untalk
Ο - R everse Cha n . off
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5-13 .

	

Performance Check .

5-14 .

	

Perform the minimum pe rformance checks in order.

5-15 .

	

AC POWER CHECK .

Action

	

Result

α.

	

Plug in the AC power cord .

b.

	

Connect α standard HP-113 cable between the
controller and 59313Α.

c. Turn on the 59313Α POWER switch . The POWER lamp comes ON. The TALKER lamp
stays OFF .

5-16 . ADDRESSING CHECK.

Action Resu lt

α . (1) Send TALK Address. TALKER lamp comesON .

(2) Send LISTEN Address . TALKER lamp goes OFF.

b. (1) Send TALK Address. TALKER lamp comesON.

(2) Send Un-talk Command. TALKER lamp goes OFF.

c. ( Ι ) Send TALK Address. TALKER lamp comesON.

(2) Send all other Talk Addresses (pause TALKER lamp goes OFF at first "other" address and
between each). stays off at every othe r .

d. (1) Send TALK Address. TALKER lamp comesON.

(2) Send DEVICE CLEAR Command. TALKER lamp goes OFF.

e. (1) Send TALK Address. TALKER lamp comesON.

(2) Set HP-113 IFC line (interface clear) TALKER lamp goes OFF.
momentarily LO (active) .

f. (1) Send TALK Address. TALKER lamp comesON.

(2) Send all othe r LISTEN Addresses . TALKER lamp comes on after all characters are sent
and ΑΤΝ line is Hl .



5-17 . REVERSE CHANNEL CHECK.

Action

	

Result

α .

	

(1)

	

Set the power supply to +5V ±O.1V;
connect - to GND.

d.

e.

f. (1)

(2)

g.

inform ation.)

(5)

(2)

	

Connect Log ic Probe supply leads to
power supply.

(3)

	

Connect Logic P robe

	

poin t to rear

	

Probe indicates OPEN circuit .
panel RVS CHAN jack (mini-phone
plug connector) .

b .

	

Send Control Character
ON).

ε .

	

Send Con trol Character
OFF).

Send Control Character

Send Control Character

Star t over aga in .

σ

σ

Ο

Send UN-listen Command

(1)

	

Send Control Characters

(REV CHAN

	

Probe indicates LO.

(REV CHAN

	

Probe indicates OPEN c irc ui t.

θ

Probe indicatesLO.

Probe stays LO.

Without fi rst sending Ι_isten Address,

	

Probe stays LO .
send Control Character 0

Send Device Clear Command.

	

Probe indicates OPEN circuit.
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5-18 .

	

Α/D CONVERTER CHECK. This check tests whatever range the channel happens to be set to . If desired
the range se lection jumper can be moved to another pos it ion and this check repeated for each of the other 3
ranges. See Figure 2-2 for the range se lection jumper pos it ions.

α .

	

Connect the variab le power supply to one of the 4 channel inpu ts, and program the control ler to do the
following loop :

Π (preceded by Li sten Address) .FAI

Channel se lect character
for channel under test .

(2)

	

Send Talk Address.

(3)

	

Read and store 2 bytes of data from the HP-113 .

(4)

	

Process the 2 bytes of data and d is play the result . (See operat ing §ect ion for process ing
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b.

	

Vary the se lected channel inpu t voltage . The controlle r display should vary from 0 to +1023 and from 0
to -1024. The display should follow and be proportional to the input vo ltage over the en tir e range .

c.

	

Increase the inpu t voltage to roughly tw ice that required to produce α display of +1023 (positive full
scale) . The display sh ould stay at +1023.

d .

	

Repeat Step c for negative full scale (-1024).

e .

	

Remove the phone plug from the channel being tested . Set the rear panel CAL switch to -1 . The
controller display should be at some negative number between -80 and -1024.

£.

	

Change the CAL switch to 0. The display should change to some number between -40 and +40.

g.

	

(1)

	

Connect the variable power supply to one of the channels not currently being tested .

(2)

	

Vary the supply from about -15V to +15V whil e watching the cont roll e r display . The display
should not vary as the supply changes.

h .

	

Repeat Step g for the other two channels not currently be ing tested .

5-19 .

	

LINEARITY CHECK .

α .

	

Program the controller with the same loop as used in the Α to D Converter check .

b.

	

Connect the variable power supply to the channel to be tested .

c.

	

Connect the digital voltmeter across the power supply to monitor the voltage .

d.

	

Make and record α ser i es of input voltage vs Α to D output measurements using the following guide lines :

(1)

	

Take at least 7 measuremen ts spread out ove r the whole plus and minus range (e .g ., -1000, -700,
-200,0,+300,+800,+1000) .

(2)

	

When taking α measurement, say at 800, adjust the va riable voltage supply until the controller
disp lay is flipping back and forth between 800 and 801 . Try to get equal occurrence of both numbers .

At this point record the DVM reading of the input voltage to at least .02% of reading accuracy .

(4)

	

Record the corresponding Α to D outpu t on the controller display as the average of the 2 numbers,
e.g ., (800 +801)/2 = 800.5 .

e .

	

Mathematical ly determine the best straight line through the data poin ts as follows:

(1)

	

Call the input voltage poin ts Χ 1 , ΧΖ , X3,

	

. . . .Χ�

(2)

	

Call the Α to D output points Υ 1 , ΥΖ , Υ3 . . . . . Υη
Χ 1 , Υ ,

	

are α pair of measurements taken together.
η = number of pai rs.



Using the Χ , Υ data points, calculate Α , Β , C and D be low.

A= Υ , + Υ 2 +Υ 3 . . . .+ Υη

Β = Χ , + Χ2 + Χ 3 . . . .+ Χη

C = (X I YO + (X2 Y2) + (X3Y3) . . . . + (ΧηΥη )

D = (X I )2 + (Χτ ) 2 + (Χ3 )2 . . . . + (Χη)2

(4)

	

Using the values for Α , Β , C, and D, calculate b and m below. Ν = number of pairs.

b = (AD-CB) Ι (ND-Β 2 )

m = (NC-AB) / (ND-Β 2 )

(5)

	

Substitute the values for b and m into the equat ion .

ΥC = mX +b

f.

	

Take each of the input vo ltage points X1, X2, Χ 3 . . . . Χη and, one at α time, substi tute them in place of
Χ in thi s equat ion and cal culate α value for Υ C .

g.

	

The difference between any calculated value Υ C and the measured value of Υ (the one that goes with the
Χ used in the cal c ulat ion) should not exceed ±0.51 .

NOTE : If desired, the other input ranges and/or other inpu t channe l s may be tested in the same way .

5-20 .

	

SERVICE REQUEST CHECK. In thi s test, "test th e SRQ line" can be done e i ther with α log ic probe on
pin 10 of the HP-ΙΒ connector or with α controller program check (see controller manua l) . (SRQ line LO =
assertive.)
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α . (1) Remove the phone plug from channel 1 input jack.

(2) Switch the CAL switch to -5 .

b . (1) Send Listen Address.

(2) Send Contro l Characters Α σ σ . (Preceded by Listen Address.)

(3) Test SRQ l ine for LO state .

ε . (1) Send Contro l Character σ
(2) Test SRQ line for HI state.

d . (1) Send Control Characters σ Α σ ο
(2) Test SRQ line for LO state .

e . (1) Send Device Clear Command .

(2) Test SRQ line for HI state .
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f. (1) Send Control Characters σ Α σ III

(2) Test SRQ line for HI state.

g. (1) SendControl Characters σ ο Α ο
(2) Test SRQ line for LO state .

h . (1) Send Serial Poll Enable Command.

(2) Send Talk Address.

(3) Test SRQ line for HI state.

ί . (1) Read 1 byte from the HP-113 .

(2) Check for byte value = 64 .

j . (1) Send UN-talk Command.

(2) Send Se r i al Poll Disable Command.

(3) Send Talk Address.

(4) Read 2 bytes from the HP-ΙΒ .

(5) Process the 2 bytes (see operating sect ion for details) .

(6) Check processed numbe r for value between -400 and -1024.

k. (1) Send Serial P oll Enab le Command.

(2) SendTalk Address.

(3) Read 1 byte of data from HP-113 .

(4) Check byte for va lue = 0.

1 . (1) Send Untalk Command.

(2) SendSerial Poll Disable.

(3) Send Talk Address.

(4) Attempt to read α byte of data from the HP-113 .

(5) Program should hang up (no data available) . (The controller may be able to check for lack of data
availability wi thou t attempting the read and causing α hang up.)



5-21 .

	

PACER ACCURACY CHECK.

α .

	

(1)

	

Connect α counter to the HP-113 SRQ line . (SRQ l ine i s pin 10 on the HP-113 piggyback connector.)

NOTES:

(2)

	

Set the counter to the time intervalmode.

Send control characte rs σΗ

(2)

	

Send T alk Address.

(3) FRead two bytes from HP-113 .
Con tinue in loop.

σ σ
Pace Select Character

(4)

	

Time interval on counter should be as in chart below .

c.

	

Substitute the next pace select character in the control character strin g and repeat the test .

1 .

	

The controlle r must be fast enough to read the two bytes in less time than the i n terval being tested .

5-22 .

	

EXTERNAL START CHECK.

α.

	

(1)

	

Send Control Characters

(2)

	

Send Talk Address.

(3)

	

Read 1 byte from HP-113 .

(4)

	

Display the byte .

(5)

	

Program hangs up at read ing the byte .

Table 5-3. Pacer Accuracy Check

2.

	

Α less accurate check of pace intervals can be made by programmi ng the controlle r to ta ke α large number
of samples a nd timi ng, with α stopwatch or clock second hand, how long it takes.

PACE I NTERVAL = Numb er of Samples
Time

Α

(preceded by Listen Address)

Sect ion V - Maintenance
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Pace Select Characte r Pace Interval ±.05%ο Limits

G 200 ms 199 .9 to 200.10

100 ms 99.95 to 100.05
Ε 50 ms 49 .97 to 50.02

20 ms 19 .99 to 20.01
C 10 ms 9.995 to 10.005

5 ms 4.997 to 5.002
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e .

	

Repeat Step s c and d, excep t trigger external sta r t by unground ίng (open circui t) the ΕΧΤ STRT jack .
5-23 . HP-ΙΒ ver ifi cation program using the 9825Α Calculator . Table 5-4 contains instruct ions for
running α 9825Α ca lculator program (availab l e on casette - HP Part No . 59300-10001) to check the
59313Α for proper operat ion of the HP-ΙΒ Ι /Ο . This program is α shortened vers ion o f the minimum
performance check (paragraph 5-7) and should be used accordingly.

5-24. ADJUSTMENTS.

b .

	

Remove th e top cover .

5-25 .

	

Two of the channe l inputs should have α phone plug inserted and two should not, and the in stru-
ment covers should be on. Turn on the power and warm up the instrument for at least 10 minutes . (Mini-
mum performance checks with covers c losed can be done during thi s time .) The temperature wil l be
fully stabilized in about 2 hours .

5-26 .

	

Per form the adjustment as fo llows :
NOTE : Try to work quickly so in ternal cooling i s minimized .

α .

	

Turn off the power by disconnecting the p ower cord .

ε .

	

Remove th e 4 sc rews holding the top ci r c ui t board to the brackets .

d .

	

By the transformer the r e is α place whe re t h e forefinger can reach under both the Top and Middl e circuit
boards . Pu ll up with the finger, thereby disengaging th e connector .

e .

	

Insert the Top board edge connector (that normally faces the rear) into the socket in the bottom board so
the Top and Middle boards (which ar e bolted together) stand on end .

f.

	

(1)

	

Connect the DVM between th e +15 TEST POINT and chass is ground.

(2)

	

Adjust the +15 pot (R81 Bottom board) so th e DVM reads +15.000 ±2 mV (14.998 to 15 .002) .

g .

	

(1)

	

Connect the DVM between th e -15 TEST POINT and chassi s ground .

(2)

	

The DVM should read between -14.5 and -15.5 (no adjustment).

b . (1) Ground the ΕΧΤ STRT jack .

(2) Prog ram still hangs .

ε . ( ι ) Send Control Cha r acte rs Α σ
(2) Send Talk Address.

(3) Read 1 byte from HP-113 .

(4) Display the byte on the contro lle r .

(5) Prog ram still hangs up at reading the byte .

d . (1) Ground the rear pane l ΕΧΤ STRT jack .

(2) Some number i s d isplayed .



1 .

	

Reassemble the 59313 Α .

5-27 . TROUBLESHOOTING.

Section V - Maintenance
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5-28 .

	

If the 59313Α fail s to pass any of the performance verificat ion checks, try to determine whether
the trouble is at the bus contro ller end of the lin e, or at the 59313Α . Α bus analyzer can monitor the
transfer of Addresses, Commands, and Contro l Characters from the contro ller to the 59313Α and the
transfer of output from the 59313Α to the contro ller . The contro ller (or its program) i s defect ive if wrong
codes are sent to the 59313Α or if it ruins valid data from the 59313Α . The 59313Α is defect ive if it re-
sponds incorrectly to valid data from the contro ller or if it places incorrect data on the bus .

5-29 .

	

Since many of the 16 bus lines are shared, sometimes being driven by the contro ller, sometimes
by the 59313Α , it may be diffic ul t to te ll which end is at fault . In these cases it may be des irable to exer-
c i se the contro ller and/or the 59313Α al one with the bus analyzer to determine the culprit .

5-30 .

	

If the 59313Α is proven defective, the next step i s to iso late the troub le to one of the 59313Α c ir-
cui t boards . Because of the large amount of interact ion between boards thi s is most easily accomplished
by trying known good boards ( from the service kit) in place of the unknown ones until the uni t works .
Verify the +5-vo l t supply (4.75V to 5.25V) and then try the Top-Middle board assembly . If the prob lem
is not cured, that leaves the bottom board as the most like ly suspect.

5-31 .

	

Once the defective board is isolated, it can be replaced with the new one or an attempt to repair
the o ld one can be made . On the bottom board, the ana log s igna l circuitry is usually not too diffic ul t to
repa i r and most of the digi ta l problems can be tracked down with the log ic probe and bus controll er
manipulation . On the top and middl e boards, which are all digi ta l , some failu res can be very easy to
iso late using only the logic probe, while others can be extremely difficult, requiring α good scope and
familiar i ty with the circuits .

h . (1) Connect the DVM between the center pin on the rear pane l CAL switch and chassi s ground .

(2) Place the swi tch in its -5 posit ion .

(3) Adjust the -5 pot (R 54 Bottom board) so the DVM reads -5.000 ±1 mV (-4.999 to -5.001) .

ί. (1) Place the switch in its -1 position .

(2) Adjust -1 pot (R53 Bottom board) so the DVM reads -1 .0000 ±0.1 mV (-0.9999 to -1 .0001) .

j . (1) Place the switch in i ts 0 posi tion . The DVM should read 0 .0000 to ±0 .00001 (no adjustment) .

k. (1) Connect the DVM between the +5 TEST POINT and chassi s ground .

(2) DVM reads 4.75 to 5 .25 vo l ts (no adjustment) .
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Table 5-4. HP-18 Verification Program Using the 9825A Calculator

1 .

	

Figure Α is t he basic flowchart fo r the verificatio n program .

2 .

	

Verificatio n using th e 9825Α calc ulator.

α .

	

Set up the 9825Α Calculator wit h the 98213Α General 1/0-Extended 1/0 ROM or the 98214A
Plotte r-Gene ral 1/0-Extended Ι /Ο ROM , 98034Α HP-113 Calculato r Interface (Address 7),
and the 59313Α fo r ope ration .

b.

	

On the 59313Α , select th e HI i nput range on all fo ur channels by moving jumpers on the
bottom ci rc u it board ( refer to parag raph 2-20) .

Select address 00110 by moving jumpers on the underside of th e top ci rc u it board . Th is is
t h e factory-set standard address (refe r to pa ragraph 2-21) .
Set t he ZERO and GAI N cont rols such th at α θ -volt i npu t produces α (1-output and α ±-volt
i npu t produces α ±1000-outpu t (all fou r channels) .

Set th e CAL switch to θ volts and apply no extern al i npu t wh ile runn i ng the ve r ificatio n
program .

ε .

	

I n itialize t he 59313Α by turn i n g t he power off and on .

d.

	

I n sert t he 59300 Series Ve r ification Tape (HP Pa rt No . 59300-10001) i n to the 9825Α . Load
and run file θ ( Ιdρθ) .

3 .

	

Program sequence of even ts and check poi n ts .
File θ on th e tape con tai n s the mai n prog ram that accesses th e i nd ividual prog rams for each of
th e HP-113 Prog rammable Modu les . Fo r examp le, i n the main program (file θ ) typ i ng i n "59313"
causes file 13 to be loaded and run . F ile 13 con tai ns the ver ificatio n program (V.P .) fo r the
59313Α Analog to Digital Converte r . (See V.P . listi ng F ig ure Β and sample 9825Α pri n te r ou tpu t
Figure C .) To con ti nue t he V.P . after each h alt below, press t he CONTINUE key on the 9825A .
α .

	

The V.P . halts to ve rify t he i n itial state of t he 59313Α :
CHECK POINT 1 :

	

ON lig h t

	

ON (remainder of the test)
TALKER lig h t

	

OFF
CAL switch

	

θ volts
b.

	

When the CONTI NUE key on t he 9825Α is pressed , the V.P . (1) addresses th e 59313Α to
listen (Handshake and Address Logics), (2) sends ASCII H 11AJ (Reset, Channel Select,
Pace Select, and Conversio n Logics), (3) addresses the 59313Α to tal k , and (4) dis p lays t he
59313Α output. The above sequence is t he n repeated for channels 2, 3, and 4 . The d is p lay
shou l d show α zero fo r all fo ur channels . The V.P . halts to verify :

CHECK POINT 2 :

	

TALKER lig ht

	

ON
9825Α d is p lay

	

Channel 4 Α/D θ
c .

	

Change the CAL switch to -1-volt . When the CONTI NUE key is pressed , the sequence i n b is
repeate d and the 9825Α dis plays the 59313Α ou tpu t fo r the four channels . The V.P . halts
to verify:

CHECK POINT 3 :

	

TALKER lig h t

	

ON
9825Α display

	

Channel 4 Α/D -2θθ
d .

	

Change t he CAL switch to -5 volts . When the CONTINUE key is pressed , t h e sequence i n b
is repeated and the 9825Α dis plays t he 59313Α ou tpu t fo r the four channels . The V.P . halts
to ve rify :

CHECK POINT 4 :

	

TALKER lig h t

	

ON
9825Α dis p lay

	

Channel 4 Α/D -10000
e .

	

When the CONTINUE key is pressed , t h e V.P . (1) addresses the 59313Α to listen , (2) sends
ASCII H11 BJ (pacer rate of 200 Hz), (3) addresses t he 59313Α to tal k 25 times and
(4) dis plays the 59313Α ou tpu t 25 ti mes . The above sequence is the n repeated for pacer
rates of 100 50, 20, 10, and 5 Hz (ASCII H11CJ , H11DJ , H11 EJ , H11 FJ , H11GJ ) . The V.P .
halts to ve r ify :

CHECK POINT 5 :

	

TALKER lig h t

	

ON
9825Α dis p lay

	

Rate = 5 Hz ; Α/D #25 = -1000



9.

Table 5-4. HP-1B Verificatio n Program Using the 9825A Calculator (Contd)

f .

	

When the CONTINUE key is pressed , t he V.P . (1) addresses the 59313Α to listen , (2) sends
ASCII H22LGJ (Reset, Serial Poll, Chann el Select, Pace Select, and Conve r sio n L ogics),
(3) and ente r s α loop where t he SRQ li ne is con ti n ually monitored . When SRQ goes low
(1) t he statu s byte of the 59313Α is exami ned , (2) t he 59313Α is addressed to tal k , and (3)
t he 59313Α ou t pu t is d is p layed . The monitor loop is re-ente r ed and the above process is
repeated 25 times . The V.P . halts to ve r ify :

CHECK POINT 6 :

	

TALKER lig h t

	

ON
9825Α dis p lay

	

Byte 64, Coun t 25, Α/D -1000
When the CONTINUE key is pressed , t he Interface Clear command (cli) is sen t . The V.P .
halts to ve r ify:

CHECK POINT 7:

	

TALKER ligh t

	

OFF
h .

	

ENDOF TEST .

Sect ion V - Maintenance
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Figure Α. 59313Α Verification Program Flowchart

CONDUCT SER IAL
POLL(READ

59313Α

STATUS ΒΥΤΕ )



Figure Α. 59313 Α Verificat ion Program Flowchart (Cont'd)

Sect ion V - Maintenance
Model 59313 Α

5-2 Ι



Section V - M ain tenance
Model 59313Α

ο : fx d ο

;sρc 1

5-22

Figure Β. 59313Α Verification Program Listing

1 : pr t "59313", "Α/D Conve r te r " ,"V erifi cat i on", "Pr og r ac ι " ;s pc 22 ; i rt "ί. r1 έ.C Κ ΡΟΙ [ΙΤ 1"
3 : pr t "V erify ini t i al ","set up :"
4 : p r t "*0N οη ","*TALKE R of f "*CAL swtc h ο " ;spc 2
5 : dsp "CHECK POINT 1"
6 . s tp
7 : p r t ~ ιις 1.1 Ε,C Κ ΡΟΙε J Τ 2"
Σ3 : pr t "4 h en CΟΝΤΙΝΰΕ s pr esse d ,"
9 : ρ r t "a dd r ess 59313Α ","a nd se nd ASC I I :"," 11 ( r eset)"
10 : p r t " * (c h ann el *)"," Α (o n e co nv) "," J (sta r t)"
11 : u r t wh e r e * ta kes , th e valu es li4 , i . ε , chann el s , 1 t hru 4 .
12 : p r t "P ea d eac h ","c h anne l of th e", "5 9 313Α , Leer-","and di sp l ay"
13 : p r t "c uto ut for each ", "channel . " ,"Ve r if y : "
14 : pr t "*TALKER on ds p Α/Γ Ω " ; sn c 2
15 : csp "CHECK POINT 2"
16 : st p
17 : y st. "c h an "
16 : E tp
19 : pr t ιιςΣ{ ΕC rG ΡΟΙΝ 'Γ 3"
2J : Y3 rt "C h a nge CAL to -1" "a nJ pr ess" , "CO:i 'ΓΙΙ~ΰΕ . " ; so_ c 1
21 : t: r t "Ve rify :"
22 : ρ r t "*TALKER en dsp AID -20Ω " ; soc 2
~3 : csp "C I1rCK ΡΟΙΙd '1 3"
24 : stp
25 : 9s k: "c1-ιϋη "
ϊύ : ~-: t r.
27 : r r t "CHECK POINT 4
23 : r~ r t "C hange CAL to -5" and pr ess" , " CΟΝ 'f Ι AUΕ . " ; spc 1
29 : p r t "Ve rify :"," * TΑL IC ER on" d sρ

AID
-100 0 " ; spc 2

36 : c ε }_ "C r: Σ;CK, ΡG ΙΝ 'Ι 4"
31 : s tλ-
32 : gs b "c h a n "
3 3 : s tp
34 : p r t ~ ιι C τ l εCΚ ΡΰΙaΤ 5"
35 : ~ r t " P ace r miode","c h ec k . Address", "59313-A anc se nd :"
36 : ~ rt " i i ( r eset)"," 1 (chann e l 1) "," * ( r ate *)"
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37 : pr t " J

	

(sta.rt) " , "w h er e * ta k es","t h e valu es", " B ,C, D , E , F ,C"
38 : p r t "f o r r ates o f ", "200,100,50,20, ","10,

	

and 5 Hz . " ;spc 1
39 :

	

prt

	

" ; -.he n CO. J 'Γ I ιV UL ", " ls

	

Dr essed :"
40 : o~ r t " r ea d 59313Α , ", "beep an d di s l ay ","25 conver s ion s","at each r ate .
41 : p r t " Verify :"
42 : EL r t "TALKER

	

cn "," * d sp Α /D -1000" ; spc 2
43 : cJ sp "CH ECK }J07 ΣJ'Ι 5"
44 : Et[
45 : 66 λΚ
46 : 400+ L
47 : fm t 2, z ,3 f .0
48 :

	

fm t 3, z, b
49 : w r t 706 .2,"1111"
50 : w r t 7
51 : τ. ;r t 706 .2,"J"
52 : J -" Ι
53 : if 65<1; and K<6c, ;L/2-*L
54 : i f Κ =69 ; ( L-10) /2iL
55 : if Κ >69 ;L/2i L
56 : gsb "conv "
57 :

	

f χd

	

0
58 : ς' s ρ "Rate=" L, ιι ξ l Ζ ; " / " Α

/ο # ", Ι +1, ιι =", Α
59 : been
60 : Ι +1-~ Ι
61 : if 1 <25 ;gtc 56
62 : wa i t 1000
ύ 3 : Κ+1->K
64 : if Κ <72 ;gtc 49
65 : stp
66 : prt

	

ΡΟΙ Ni `f 6"
67 : o r t " :^'h e n CO:d TI AUE is" , " rr esse d , se nd :"
68 :

	

pr t

	

"

	

ή

	

( r eset)","

	

2

	

(chann e l	2) ","

	

L

	

(SRQ

	

c η a F 1e)"
69 : prt " υ

	

(5 Σ-ΣΖ rate)"," J

	

(start) " ; ΕΤ_D c 1
70 : ~ r t "'Ι hi s e r a bles ", "S ERVI C E RE ~,U E S Γ . " ; sp c,,U E S Γ . " ; sp c 1
71 : pr t "' I Y:e cz l c ul Gtc r ","s h ould bee η αη2 ","t h e ίί s pl αγ "
72 : pr t "coun te r will","coun t to 25 . " ;s p c 1
73 :

	

pr t `i h e d i sp l ayed"

	

"stat us

	

byte"

	

"should = 64" ; s τ n c 1
74 :

	

ξ) r t

	

"T h e c i sρ l ε. yed ", " Α/D co nv e r s i on "

	

"s h ould = -1 0 00" ;spc 2
75 : c: ερ "C H L C K POINT 6"
76 : s tp
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77 : 0- Ν
78 : fm t 1, z ,6 f .0
79 : wr t 706 .1, " 1122 LG J "
80 : rd s(7)-" D
81 : if bi t(7,D) ;gto 83
82 :

	

g to 80
8 3 :

	

Ν +1-~ Ν
84 : rd s(706) - S
65 :

	

g sb

	

"conv "
86 :

	

f xd

	

0
87 :

	

csp

	

to Lyte~s , to
88 : cee F -
89 : if ίν=25 ;gto 91
90 : gtc 80
91 : stp
92 : c r t
93 : p r t
94 : pr t
95 : p r t
96 : dsp.
97 : s t p
98 : c li 7
99 : 6 sp "CH ECK POINT 7"
100 : stl:
101 : gtc 123
102 : "conv " :
103 :
104 :
105 :
106 :
107 :
108 :
109 :
110 :
111 :
112 :
113 :
114 :
115 :
116 :

,Count" N, to

" ςΗΕ CΚ POINT 7"
"Verify :","*ΤΑ LΚΕ R

	

on" ; s pc 1
"Wh en CONTINUE i s","pr essed, th e Ι FC","comm and i s se nt :"
"G ε rify :","*'Γλ LΚΕ R

	

off" ;sp c 2
"CHECK POINT 7"

rdb (706) -~ λ
if Α>3 ; η t ο 107
A* '1 56+rdb (706) -A
r et
- ((255-Α ) *256+(256-rdb
ret
"cha n " :
0-~ Ι
f rι t 1, z ,2 f .0
w r t 706 .1," Η "
2 ^ Ι -"Χ
w r t 706 .1, Χ
w a i t 1000
wr t 706 .1, "AJ "
gsb "conv "
beep
ds p "C ha nne1 = ", Ι+1,"
1+ Ι - Ι
if Ι <=3 ;gtc 112
rε t

123 : p rt
124 : r ew
125 : e nc;
*3206

117 :
118 :
119 :
120 :
121 :
122 :

" LNL OF TES"r " ;src

,ADD" Α

(706)))- Α

4

Α / D= ", Α
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Figure C. 59313A Verification Program Sample Output
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6-1 . I NTROD UCTION.

6-2. Th is section conta ins sche mat ics, fig ures and in formation for identifying, locating a nd ordering
replaceable parts .

6-3 .

	

Table 6-3 lists parts in orde r of the refere nce designations (circuit references) a nd provides the fo llowing
in formation for each item.

α .

	

Descript ion of the part (see Table 6-1 for abbreviations) . Attaching parts, i f any, follow the description.

b .

	

Typical manufacturer of the part using α five-digit code . See the code list of manufacture rs in Table 6-2 .

c .

	

Manu factu rer's part number .

d.

	

Total quantity used in the instrument (Qty column) .

6-4.

	

REFERENCE DESIGNATIONS.

6-5 .

	

Tab le 6-3 is based on an alph a-numerica l method of l i sting the assemb lies, subassemblies and circuit
components. These items are defined as follows :

α .

	

Each assembly and subassembly is assigned an "Α" number (Α 1, Α2, Α3, etc) . Assemblies and
subassemblies that can be purchased have part numbers in the pa rt number column ; those th at cannot be
pu rchased have the word "Re ference" in the column .

b.

	

Components within the assemb ly and subassembly circ ui ts are assigned ci rcuit refe rence designators (C1
capacitor, R1 resistor , etc.) . These parts are prefaced by the assemb ly number (AI C1, A2C2, AIR 1, A2R2, etc.)
to indicate the assembly on which the part is located.

6-6.

	

Examples of the alpha-numeric numbering met hod used to identi fy assemb lies, subassemb lies and circuit
comp onents follow :

ASSEMBL Y
NUMBER

SECTIO N VI
REPLAC EABLE PARTS

COMP ONENT NUMERIC
DESIG N ATIO N

	

NUMBER
ASSEMBLY

COMPONENT ALPHA

	

SUBASSEMBL Y
DESIG NATIO N

	

NUMBER

Section VI - Replaceable Parts
Model 59313Α

COMPONENT ALPH A-NUMER IC
D ESIGNATION
(REFERENCE DESIGNATION)

6-7.

	

Partial re ference designat ions are normally used on the equ ipme nt and illustrations . The partial re ference
designation consists of the comp onent alpha designation and numeric designat ion. The complete refe rence
designations are obtained by placing the prope r assembly number (and subassembly numbe r , whe n applicable)
before the partial re ference designat ions .

6-8.

	

In thi s section, these assemb ly prefix numbers are usually shown with each reference designation, in the
ti t l e of the figure or at the bottom of the illustration block following the notation "REF DESIG PREFIX." The
complete re ference designation should be used to easily locate α part and the descrip tion in the Parts List .



Sect ion V I - Rep laceab le Parts
M odel 59313Α

6-2

6-9 .

	

Fo r example, to determi ne the va lue and the p a r t number of res istor R6 in the Α2 assembly (A2R6),
locate the Α 2 group listing (the second group) in the p a rts list . Then refe r to the R (resistor) design ations in the
group and find R6 . Th e value and the pa r t numb er are in the column s adjacent to the description .

6-10 . ORDER I NG INFO RMATION.

6-11 .

	

To order α replacement part, add ress orde r or inqu iry to the local Hewlett-Packard Sales/Service O ffice
(see list of addresses at the rea r of this manual) and supply the HP p a r t numb er of the item from Table 6-3 .

6-1 2 .

	

To order α pa rt not listed in the table, provide the following information :

α .

b .

c .

Model number o f the inst rument .

Complete se rial numbe r of the inst rument .

Desc r iption of the part including function and location .

6-13 .

	

To orde r α part from α manufacture r ot he r than Hew lett-Packa rd Company provide the complete pa r t
descrip tion and the manufacturer's part number from Tab le 6-3 .

Table 6-1 . List of Abbreviations

number CYL cyli nd er
11 i nch(es) DBL double

Α assemb ly, amperes DIP dual in-line flat pack (for integrated
Α /F across flats (nu t) circuit)

A/R as requ ired DIV d ivider

ADJ adjust, adju stab le DO package ty pe, diode

A L alumi num ELECT RN electron

ASSY assembly ELEK electronic

AT amperes - time delay ΕΧΤ external

BA RR barrie r EXTR external

BILK block , b lack F female, film

BR S brass FEM female

C cermet, capacitor, capacitance F I L filament, fill ister (screw head type)

CA LC calculation, calcu lator
FL flat, flash, fluid , full

CC ca rbo n compositio n , cubic centimeters
FLM film

CER ceramic
F T foot,feet

gain Χ bandwidth product
CHAM chamfer , chamfe red

HD head, heavy-duty
CHAN chann el

HEX hexagonal
CLR clear, clearance

HLCL helical
CM centimeters HS h igh speed, h eat sealed , h eat sh rin k
CONT contact ΗΥΒ hybrid
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Sect ion VI - Replaceab l e Parts

Table 6-1. List of Abbreviations (Continued) Mode l 59313Α

ID i n sid e d iameter R EC recess, recessed

I E C International Electro-technical RECT rectifier
Commission RE I NF rei n forced

IN inch (es) RN D round
INC L including

SCR screw, silicon-co ntrolled rectifier (thyristo r )
I ND ind icator, inductance SEL selector, selected
JE DEC Joint Elect ron Device Engineering

SENS sensitive
Councils

SG L single
JU jumper

SHLD R shoulder
LG long

SI silicon
LK loc k

SKT socket
LKG loc k ing

SLD R sol der
LKWR loc kwash er (LKWASH)

SO L solenoid
US liters pe r second

SPCL special
LV low voltage

SST stainless steel
MACH mach ine

STA station
MC microcircu it

STD standard
MF microfara d

ST L steel
M I NT R miniature (MIN ., ΜΙΝΑΤ .)

SUBM I N subminiature
ΜΟ metal oxide

Τ-2 lamp b ulb envelope sh ape (Τ ),
MOSFET metal oxide substrate

field effect transistor size i n eig h th s of an inch
(2 = 1/4-ΙΝ .), typical

MS milliseco nd
ΤΑ Tantalum (ΤΑΝΤ )

MTG mou n ti ng
TC temperature coefficie n t, time constant

MT LC metallic
TG L toggleMY L M ylar

ΝΡΤ N ational P ipe T h read TH D thread

NY L Nylon (polyamide) ΤΗΚ thick

OB D order by descri ption ΤΟ package type, transistor

OD outsid e d iameter TRMR trimme r (T R I M .)

OPT o ption (ΟΡΝ ) UF microfarad (MF)

PCB pri nted circu it board UNC U nified National coarse

PD power d issipation (machine screw thread )

PF Power factor, picofarad, peak flow, UNF Un ified National fine

pipe female (pipe connection ) (mach ine screw th read )

PHL phillips (cross slot screw head type) US mic rosecond

PLSTC plastic VA R variable

PNEUM pneumotach VO L volume

PO LYC polycarbonate W white

ΡΟ LΥΕ polyester WD wid e

PS power supply W/ with

PT pint, part, poi nt, pulse time WVDC work ing volts do

PVC vinyl (polyvinyl chloride) Χ by (dimensional)

PW R power ZNR Zener (breakdown diode)



Sect ion V I - Replaceabl e Parts
Mode l 59313Α

Table 6-2. Code L ist ofManufacturers

F igure 6- 1. Assembly Locations

ηrκ
NO . MA NU tACIUR ER NAME ADDRE SS

ZIP
COD E

o0000 ANY SATISFACTORY SOURCE
4UG7K ΚΑαΕ L ΜΕΤΑι
00809 CROVEfJ LTD ONTAR IO CANADA
ύ0853 SΑΝί;ΑΜ ' J ΕLΕί Ci) S CAkGL INA D I V PI CK ENS SC 29671
C11Z1 A LLE N- Li RAUL tY CO MI LWAUKEE WI 53212
ι 12 ν5 TEXAS IN ST R ίνC S Ε ;4 ΙίύΝΟ ίΜΡΝΤ ρ 1 ν DA LL AS TX 75231
03686 KD I ΡΥ R Ο F ίιΜ ίJR 1- WH I PPANY NJ 07981
υ"113 MOTOROLA SEMI CON DUCTtlk PROD UCTS PHOENIX AL 85008
υ -1Σc3 hA I k CH 1 LD Sc+M ICO NuU CTOR D I V MOU NTA IN V I EW CA 94040
07707 U ciM COkP US A FASTENE k UI V SNE LTtJN CT 06484
U9ύ23 CORNEL ι - DUHI LI ER ELEK DI V F tJ PAC $AN FORD NC 27330
ύ93>α ί ΑΝJ Κ CUM Ρΐ iNENT$ I NC WATE RTOWN ΜΑ 02172
16e.99 CORNING GL 9 Κ ΕιΕC -�ΜΡΝΤ DΙΥ R ALE IGH HC 27604
19701 r: E PCO/Eι E CTRA CUrϊP MINERAL WELL S TX 76067
197 -5 Σ6 AvDEL CΩR P TET ERBΩRO NJ 07608
2 "ιϊί6 GOWANUA ELECT RON ICS COR P GOW AHD A NY 1407ί
24546 ίΟ RΝΙΝύ GLASS WORK S I B R AD F OR D λ BR A DFO R D ΡΑ Ι 67Υι 1
270 : "+ N ATI ON AL SEMICONύUCTIk COR P SAN TA ι LAk A CA 95051
27io4 MOL E X PR ODU -̂- TS ~: U DOW NER S GR O VE I L ο 05 Ι 528460 HtNLt'ΙΤ-PACK ARU CU CORPORAT E HQ PA L O A L TO CA 94304
28 ~j ί0 ΗΕΥΜΑΝ MFG Lt) KENILWORTH NJ 07033
α 2 2 9 .1~ IN7 ER S IL 1 Ν{; CU P ERT I NO CA 95014
-i ϊν97 dOUK N S ΙΝί ΤκΙΜΡUΤ PR OD D I V R IVER S I DE CA 92507
5 ο 2 α~, SPRAG UL Ε L ΕίΤκ 1ί C 1S NOR TH ADAMS ΜΑ 01247
ΙΣ~0ύ dUSSMAΝ MF G U Ι V UF MC bR AW-EO ISUN CU ST L OU I S MD 63017
71785 1 K W ι L ΕΚ CO M PONENTS CINCH DI V ELK GROVE V I LL AGE IL 60007
721=6 EL ECTRO rtt1T I VE C:lKP SUα I EC W I LL IMANT I C CT 06226
731 -iα d ECKMAN 1NSI KUMENTS I NC HEL I POT DI V FULL ERTON CA 92634
73743 F I SCHER $ΡΕίΙΑ L MFG CO CINC INNATI OH 45206
7591 1, L I TTE L rUSE ΙΝ C, DE S PL A INES I L 60016
18 Σα9 I LL I N O IS TUOL WO KKS INC SHAK E P R OO F ELG IN I L 60126
e 2"sΕ9 SH I TCHCR AF I INC CH I CAGO I L 60630
8 :ι330 SM IT H HE RM AN Η INC BROCKL YN NY 11207
8 α411 TRW CA P AC I TOR DI V OGALL A LA ΝΕ 69153
91662 E LCU CURP W I LL OW GROVE ΡΑ 19090
95S Ε 'Τ Ν v-- ,..̀K E SS ΣR ϊ0 ΙΝί CH I CAGO IL 60641



Table 6-3. Replaceable Parts

ΜΡ 3 ΜΡ 1 ΜΡ 15 ΜΡ 13

	

ΜΡ 6

	

A1A2A1W1
ΜΡ 2

	

ΜΡ 14 A1A2A7 (REF )

F igure 6-2.

	

Component Locations, Case Assembly Α 1

Section VI - Replaceable Parts

Model 59313Α

Τ 1

MP4

6-5

Reference
Designation

HP Part
Number Qty Description Mfr

Code
Mfr Part Number

LIST UF ASSEMBLIES
(FIGURE 6-Ι )

Ai NS N 1 CASE ASSEMBL Y 28480 N S N

Α lΑ 1 REFERSJC Ε 1 (-RUNT P A NEL ASSEMBLY 28480 REFERENCE
23 ο 0-0181 4 SCREW -MAC H ο-32 .25-IN-L G 82 D EG 28480 236ύ-0181

ΑΙΑ 2 47310-60030 1 REAR P AN c L Α5$EM 3 L Y 23480 47310-60030
2360-0115 10 SCR E W-H Α L M 6-32 .312-IN- L G PAN-HD-Ρ 01 Ι ί84e0 2360-0115

ΑΙΑ 2 Α 1 47310-601`0 1 INTERF AC E P .C . ASSEMBLY 28480 47310-oOI50

Α 2 4731(i- 00 120 1 Υ.[ . ASS EM B LY, TOP 2 8 4 8 0 47310-60120
2360-0113 4 $L RΕ W -MACH 6-32 .25-IN-LG PAN -HD-ΡΟΖΙ 26490 236 ύ-ύ 113

Α 3 47310-60130 1 P .C . ASSEMBLY, M IDDL E 28480 47310-60130
0363-0526 2 STAN 03 FF -R NU .875 L G 6-32ΤΗρ .2500 BR S 83330 8785

Α 4 413 1 0-60110 1 P .C . ASSEMBLY, 80ΤΤΟΜ 28480 47310-60110
1400-0017 1 C L AMP-CA .375-IN-WD NYC 28520 3305
23o U-0115 SC k bW- M AC H 6-32 .312-IN- L G PAN -HD-ΡΟΖΙ 28480 236 Π-0115

Α 5 47310-ούΙ40 τ Ρ .[ . ASSE MBLY, I NTERCONNECT ION 28480 47310-60140

Αε 47310-63498 ACCESSO R I E S 28480 47310-63498



Sect ion V1 - Replaceable Parts
Model 59313Α

6-6

Table 6-3. Replaceable Parts (Continued)

See introduct ion to thi s section for ordering inform ation

Reference HP Part
Mfr

Qty Description Mfr Part N umberDesignation Number Code

Α 1 NSN 1 CASE ASSE MBL Y (F IG URE 6-2) 2 α 4 αύ Ν $ Ν

Α 1 ΜΡΙ 5 U 01-U 436 2 ΤβιΜ , SID E F RONT 2448U 5ύ01-0ν38
Α 1 Μμ 2 500:-0436 7,1Μ, SIDE Fkύ M T 254 Ε(i 50UY-0438
Α 1 ΜΡ 3 50 ί 0-8 δ 13 1 FRAME, FR UN 28480 502C-8813
Α 1 ΜΡ4 502 ύ-8814 1 FR AM E 294 Ε ~.0 5 020-8814
Α 1 ΜΡ 5 502 ύ-α830 2 ± ΙΠΕ ;TROTSTRU T 28460 5020- αδ30

25ίύ-U142 8 !LR t W - MACH 8-32 . Ζ 5 - ΙΝ- L G 100 D E G 2646 Ο 2510-0192

Α 1 ΜΡ6 502 ί'-8830 S Υ .ί "_ STR UT Ζ84Ηβ 5020- "4830
2510-0192 ςC κ e Ν-MACH 8-32 .,! 5-IN-LL, ΙΟΟ D E G 294[0 25 Ι 0-019 ΐ

Α 1ΜΡΤ 5040-7 ι 01 4 FυΓί ( ς TANDA R D) 28420 5 ύ4( ι-720?
Α 1 ΜΡ 8 554U-72 ΟΙ Fΐ" ΟΤ (STANDARV) ι8483 5040-7 ϊπ 1
ΑΙΜΡ 9 504 υ-7201 F'. ι [iT(STANDAKD) 264δΟ 5ύ4Ο-7 ί 0

Α 1 ΜΡ 1 ύ 5 Ο40-7201 FUOT(SΤΑΝ JΑκΟ ) 2848 Ο 5040-7701
Α 1 ΜΡί 1 ~04C-7203 1 Tk IM :IJ P 1/ ί 2846 ύ 5ύ4ύ-7 Ζ03
Α 1 ΜΡ 12 5 υ01-1 ν18 1 CJV FR, d U TTO M 2848C 5 ύ01-'41 ό
ΑΙΜΡ 13 5060-485 ύ 2 CI7 V c R , S ΙύΕ (STANDARD) 28480 5060-4b5(ι
Α 1 ΜΡ 14 50 ό0-965 υ ί'1VE R , SIDE " (SΤΑΝύΑκι̂.) 28480 ς06 ύ-985 ύ

Α 1 ΜΡ 15 4731 ϋ- ύ00τ 0 1 MOUNTING BRAC KE T, R IG H T ϊb4b0 47310-(ιύ U 4 Ο
14 ύ0-ύ059 2 C L A ΜP -CA .5-IN-WD NY L 95987 7/16 - FN
236 Ο -ύΙ 15 11 SCRE M - MACH 6-32 .312 -! Ν- L G PAN -ΉΟ- ΡΟΖΙ 28480 236 ύ- ΠΙ 15

AiMPl6 506 0 -9829 3 1 ΤΛΡ COVE- 28 4 60 IOCO-982q

Α 1 Τ 1 47310-6U1 U 1 1 UL T R AN$ Fύ k MtR A SSF.M6 L Y 26430 472.1 ύ - ιύ 10 Ι
23όυ-0113 ϊ SCeE W - M AC H ο -32 .25- IN - L G PAN-ND-Ρ (! ΖΙ 2e4 F ύ 23ου - ύί 13

AI W I 47310-60060 1 CA 6 LE , PUw E R 2b48 U 4731 ύ-b006 0Α 1 Νί 4731 0-ο6070 4 CABL Ε , ίΓ. Ρ U Τ 28460 47310-6007^

ΑΙΑ 1 4 Ε °ER ENCE 1 FR(Μ7 Τ PA N E L ASSEM B LY (F IGURE 6-3) 28480 4 Ε° ER E NCE

Α 1 Α 1 ΜΡ 1 47310-60012 1 F R ιNT PANEL, G R AY 28480 47310-600 12
ΑιΑΙΜΡί 14)0 -09ti6 8 B U SHING-PNL .14 -ΙΟ . :- LG 1/4-32 -T H D 26400 1490 - ύ 9td

G950-0072 10 NUT-HEX-DB L-ϊΗΑΜ 1/4-32-ΤΗϊ. .062 -ΤΗΚ 823 α 9 Ρ -197'+
ΑΙΑ ΙΜΡ 3 1490 -ίι 9 b 8 3( ι SΗΓΝ 'S-PNL .14- ΙΟ .3 - L G 1/4-32-THD 2 Β 480 1490-U968

2950-υ072 4J 7-HEX-D BL -C RA M Ι /4-32-ΤΗ D .362-ΤΗΚ 82399 Ρ-1975

ΑΙΑιΜΡ4 1440-196t t>U SH IN G- ΡΝι . 1 4 - ΙΟ .3- L6 1/4-32- ΤείΟ 28480 1490-09 ε :
ΐ95 ύ -ύ072 ;ιU 7-HEX-D B L-CHAM 1/4-32-T N D .062-ΤΗΚ 82389 Ρ-1975Α 1 Α 1 ΜΡ 5 1490 -U9b8 fi U SΜΙΝG- ΡΝι .14- Ι 0 .3 - LG 1/4-32-7Ν U 2 13 ν 1 0 1440-G408
?95 ύ-C072 ΝU Ι-HEX- U bL -CHA M 1 /"ν- 32-T H D .062-ΤΜΚ 82389 Ρ-1975Α 1 αίΜΡ 6 1490-U968 ί U SH IN G- ΡΝι .14-ID . 3,- L G Ι/4-32- ΤΗΰ ZFs480 .490-0963
295-107 ι NU T-HEX-DBL-CMAM 1/4-32-T H D .062- ΤΗΚ 62"389 Ρ-1975

Α 1 Α 1 ΜΡ 7 1490-096 Β BUSH IN G-PNL .14 -ID .3 - LG Ι/4-32 - ΤΝΟ 28 ..80 1490-096 Α
295 υ-0072 NUT-ΗιΧ-D θ I-LMAM 1/4-32-ΤΗπ .0 ε 2-ΤΗΚ 62389 Ρ-1975ΑΙΑΙΜΡ 6 1490-096 ά 6U S H IN G- PN L . λ 4 -2D .3-LC, 1/4-32-TH G 284 ο 0 1490-0968
ϊ95Λ-(ιυ 7:' NUT-HEX -'ιίθ1.-CHAM 1/4-32-THU .062-ΤΗΚ θί389 Ρ-1975

ΑΙΑΙΜΡ 9 1490-Ο 9 ο 8 bu S H 3 N G- PNL .14-ID .3 - L G 1/4-32 - ΤΗυ 284,30 1490-096 Ν
z9 5 υ -ύU72 NU1-HEX - Ο6L-CHA M 1/4-32-7 Η 9 .Ot2-ΤΗΚ 62389 Ρ-1975

ΑΥα 1 ΜΡ 1U ί400-Ο 5 υ 0 2 CLIP SET-LED MTG FOR ΡΝι ΜΤ 6 HP LED 28480 14υΟ-656UΑ 1 Α 1 ΜΡ 11 l +0 ύ-U56G CLIP SET-L E 'J MTG F OR PN L HTG HP LE O 284 .10 1 νΟΠ- Ο 5 ϊ 0

Α 1α 1 ς 1 3101-1508 1 SΝΙΤίΗ-TG L S UBM IN D P DT NS 2 Α 250 VAC 09353 U-118-HI
2190-0027 7 WASHEK-L K INTL Τ NU . -1 /4 .<5b - ΙΝ - I U 7σΙθ9 19'4-00
305 Ο -υϊ 73 4 WASH E R-FL MTLC NO-1/4 . Z61-14-IL; ί6460 3050-0 ί73

Al A, 47310-οπ03 Ο 1 REAR PAN E L ASSEMBLY (F IG URE 6-4) 2848 ύ 47310 -t Π03 Ο
Al-2"t, 0160-ίιο 77 1 CAP λC ITOR-FXD .OlUF s -20R 250W V AC C ER 5 π 289 3bC216A7
Α 1 Α2 Ε 1 ι 110-0235 1 FU S E .2 Α 250 V SL U -B L U 1 .25 Χ .25 U L l E C "75915 313 . 2 ύ0S
A lA2 J 1 1 ί 5 ι -1779 4 Cυ taNE ~TO K-TE L JAC K 3-C K TS .25-ςΗΚ-UΓΑ e2399 1382190-ύ" 027 WASHER - LK ΙΝΤι Τ 40 .-1/4 . z56-161-ID 78189 1914-GO

295 υ - ίιύ 43 4 ΝU Γ-ΗιΧ - U Θ L -4ΝΑΜ 3/8-32-ΤΗ :"ι . Π94-ΤΗΚ 73743 2. Χ 232002190-0082 ν WASHER - L K I4TL Τ Ν (t . -3 / α .38,-IN-ID 76169 122 Ο-0ύΑ 1 Αι J 2 1251-1779 CONNECTOR-I E L JAC K 3-C KTS .25 - !,HK-!ίΙΑ 22369 136
2 ί 9 ύ-0027 WASHER -LK I N T L Τ NO-1/4 .256-IN-ID 78189 1914- υυ2950-ύ 043 ΝυΤ-ΗΕΧ-ΟΒ L- ;ΗΑΜ 3 / θ - 32-ΤΗ .Σ .094-ΤΗΚ 73743 2 Χ 282002190-ύύ 6Ρ WASH ER -L K I N T L Τ NO-3/8 .384- ΙΝ-10 76189 122 Π-π 0

Α 1 Α 2 J 3 1251-1779 C(.' NNE CTGk-T EL J ACK 3-CKTS .25-SΗΚ-D ΙΔ b2389 131,
2190-0327 WASHER -L K I N T L Τ NP-1/4 .256 -IN-ID 76109 19 14- πυ295 ύ-043 N U7-ΗΕ %-DB L-CΗβΜ 3/8-δ 2-T H D .094 -ΤΗΚ 737τ3 ςΧ 2Α-_'C"02190- ύ 082 WAS H tR-LK INT L Τ ΝΠ . -3/8 .384-IN-1i) 7t'1 :ι 9 122 υ - ΟύAIA2J4 1ύ 1-1779 C;) ι ~N E CTOR-Tc L JAr

-K
3-_ΚΤ $ . ϊ 5 -S HK -D I A ~ "ί 3 ιι 9 13b

2190-0 ύ27 WA SH ER - ιΚ IN TL Τ NC . - ί/4 -56-IN-ID 7 θ 189 19 ί4-^02950-0043 NUT- HEX-DB L-CHAM 3 / υ-32-TM U . ύ94-ΤΝΚ 73743 ίΧ 2 " "" ι Uΐ19Ο-0 π !.2 WASHER -L K IN T L Τ NO . -3/ Ε .3h4-IN-10 7 δ 169 1 ϊ 2!+- 00
Α 1 Α 2J 5 ΙΖ51-ί 23 ύ 2 ϊ O KNEC7UR-T E L JAC K 2-C K TS .141- ςΗΚ - ϋ 1 Α J23α9 142 Α219G-Π027 WASHER- LK INTL Τ Νύ . -1/4 .256-IN-IL) 7 : Ι '; 4 1914-002950-Ο 072 NUT-HEX-υ Β L-CΗρ 1λ 1/4 -32 - Τ h ίι . ύ62- ΤΝΚ ι+2389 Ρ-1975305 ύ - υ 273 WASHER-FL MT L C NC-1/4 .2 υ 1- IN- 11, ί 848 Ο 3050-ύ 273Α 1 Αι J 6 1251-223(1 ιιSΝΝΕ C ΤΟR- ΤΕ L JACK 2 -CKTS .141 -S NK - ύΙΑ εί 3 Σ'-9 Ι 42 ΑίΙ 9 υ-00 Ζ 7 WASH E R-ζΚ I N T L Τ NO-i/4 .25 ο- ΙΝ - Ιίί 7^1?4 1914-0 η



Table 6-3. Replaceab le Parts (Continued)

Section V1 - Replaceable Parts
Model 59313Α

See in t roduction to this sect ion fo r ord e ring i n formation

Reference HP Part
Mfr

Qty Description Mfr Part N umber
Designation Number Code

2950-0072 ΝU7-HtX-08L-LHAM 1/4 - 32 -ΤΗΟ .062-ΤΗΚ 82389 Ρ-1975
3050-0273 WASHER-FL 4TLC NO-1/4 . 261-IN-ID 28480 3050-0273

AlA2J7 1251-2357 1 CONNECTOR, AC POWER OP-9 M ALE FLANGE 8?389 --AC-301
220Ο-0105 2 SCREW-MACH 4-40 .31 ί -IN-LG PAN -+4D-ΡΟΖΙ 284b0 2200-0105

Α 1 Α 2ΜΡ 1 47310-00030 1 REAR PANEL 28480 47310-00030
ΑΙΑ 2 ΝΡ 2 7122-0097 1 StK PLT 'SERIAL NO ; HEWLETT P ACKARD- 91345 ΛΘD

0361-0490 2 R I VET, BL IND, DOME-HD .09+4' D IA 07707 Α 0 -32A :iS

Α 1 ω 251 3101-1911 1 S W17 ί H, SL1DE 82389 11 Α-1477
U361-0009 2 k I VET, SEM ITUBULAR UVAL H D 0 .188- L G ΛΟΟΟΟ ιιΒΛ

A lA2S2 3101-0963 1 SN I TCH-TGL S UBM IN S POT Ν 5 5Α 115VAC 09353 7103-5 Υ
2190-0273 1 WASH E R, FLAT 00000 08 0
3050-0273 WASHER-FL M TLC NO-1/4 .261-IN-ID 28480 3050- Ο 273

Α 1 Α2 Χ F1 211υ-0481 1 FUSEH OLDER-EXTR POST 20 Α 300V UL / IEC 75915 345003
ί190-0037 1 WASHER -LK INTL Τ NO .-1/ 2 .512 -ΙΝ- ΙΟ 7 Ρ 189 1224- ύ 2

Α 1Α 1 Α 1 47310-60150 1 INTERFACE P.C . ASSEMBLY (F IGURE ύ-5) 2 Θ 480 47310-60150

Α 1 Α 2 Α 1 Η 1 0380-0644 1 STANDOFF-ΗΕΧ 6/32- 00000 08D
ΑίΑίΑίΜ 2 1530-1.098 1 FASTENER :0 .136" ΠΙΑ 6-32 THREAD ύ0 ΟΟύ U80

AlA2A1J1 12`_1-3283 1 CONNECTOR ; 24-CDNT ; FEM ; M ICRORIBBUN 28460 1251-3283
Α 1 Α 2 λ 1J2 1200-ύ473 2 SOCKET- I C 1 Ο-CΟΝ 7 DIP-SLOB 73303 C931 ύΠ 2

AlA2A1R1 1810 -0 Ι 3 ό 2 NETWORK-RES 10-PIN-SIP .1-PIN-SPCG 56289 216C
Α 1 Α 2 Α 1 κ 2 1810-U136 NETWORK-RES 10-PIN-SIP .1-PIN-SPCG 56289 216C

Α 1 Α 2 Α 1 υ 1 47310-00150 1 P .C . BOARD, BLANK 28480 47310-00150
0361-0434 2 kIV E T, BL IND PL TH R U, ύΟΜΕ -ΗΟ .125 -D1A 1 11738 1125-0412
ι190-0034 2 WASHER -LK HLCL NO-10 .194-1 Ν- IU 26480 2190-U034

Α 1 ΑίΑ 1W1 47310-60040 1 ϊΑό L Ε ΑS$tM8L Υ , INTERFACE B OARD 2b480 47310-60040

Α 2 47310-60120 1 TOP P .C . ASSEM6LY (FIGURE 6-6) 28480 47310-60120

A2C1 0180-2062 1 ϊAPAC ITOR-FXD 120UF +-2ύΥ IOVD~ ΤΑ θο289 1500127 ΧΟΟ]OR2Α 2 ί 2 01Οο-3U97 9 LAPA[ITOR-F Χύ .47UF +80-204 50WV ΠC CεΚ 56289 SC54C2-CML
A2C4 01 οU-270 Υ 1 ιΑΡΑ C ΙΤΠκ -FXU 1 ε 0 Ρ F +-1 Ε 500WVOC ΜΙίΑ 72136 R DM15F161F55Αιί 5 01 ο 0-3 υ 97 ιι.FΑίΓΤΟκ -FXD .47UF τd0- ί 0 έ 5GWVOC CER 56289 5C54C2-CML
A2C6 01 Ού-3097 _ A PAC I TUR- FXD .47UF τδύ -20 Υ tiOWVUC CER 5 ύ 289 5C54C2-Γλ1L

A2C7 υ 16 υ-309 Τ CAPAC I TOR-F Χπ .47UF +d0-20% 5υΝΥ 0ί CER 56289 SC54C2-CML
Αί C Β 0160-3097 CAI Α C1 Τ 9 κ-FΧΛ .47UF τ 8 υ-2ΟΥ SOWVOC CER 56289 5C54C2-CML

Α26κί 1901-0025 3 UILJE-ιι EN PAP I u0V c UUMA ύΟ-7 07263 FD-2389
Α 2 ί R2 1901-0025 DIODE- ι. έ. Ν Ρ k Ρ 100V 200ΜΑ 0Π-7 07263 FD-2389
A2Crι 3 "ι901-0025 υ ICDE-G EN PRP 100V 2004Α U0-7 072 ύ3 FD-2389

A2J1 12i1-ίυ 25 i ί "ϊΝΝe[ ΤΟκ -PC EDGE 24-CCNT/RGW 2-ROWS 71785 ι 52-24-30-340
234 ύ-OOob 10 NJT-HtX-U8L-CHAM 4-40-ΤΗΟ . Π94-ΤΗΚ 2 Β48 ύ 2340 -ϋΟύ 6
22υΟ-0147 0 SιΒεΝ-MACH 4-40 .5 -1 Ν - ι G ΡΑΝ-HD- ΡΟΖΙ 264E10 2200-0141

AZJ3 7251-3bb4 2 LUNNtCTΠ K 3-PIN Μ POST ΤΥΡ' ι 72 ό 4 22-11-2 υ 41.
A2J4 1251-395 Β 7 :~ )υεΝΕ ~_ ΤΟΙε 1 υ-ΡLΗ

_
Ν POST ΤΥΡc 27264 22-10-2101

4ZJ5 1 ί51-345b ίι ; ΝΝΕ 6 ΤΟ R 10-PIN Μ P CST ΤΥΡΕ 27264 22-10-2101

A2L1 9100-2259 1 ι. ΟΙι-FXD ΜΠ LUΕΟ RF L ΗUKt 1.SUH 1Ud 24226 1 υ /1 5 Ι

ΑιύΙ 1853-ϋ 0 ϊυ 2 TRANS I STOR ΡΝΡ S I P U=3 6uMW FT = I 5UMHZ 01295 5ΚΑ 1123
Α 2 υ 2 ι853-0020 ΓκΑΝ S Ι SΤυκΡΝΡ S1 Ρ 'J=3 ύ 0Μλ F 7= Ι 50 ΜΗΖ 01295 5 ΚΑ 1123

A2R1 Οό33-103`- 16 Ρ =S ISIJR 1 ύΚ 51 .25W F ί 7ί=-400/4700 0112' ϊΒ 103 ς
Αί r .2 01,7-υ 429 3 ε FS ISTLκ 1 .62 Κ 1% .125Ν Ρ T C= Ο+-100 21,546 ί 4-1/8-70-18 ? Ι-F
A2k3 ιΙ57-J4 ί 9 κ ES ISTJR 1 .82 Κ Ι % .125W F TC=0+-100 24546 C4-1/ δ - T0-1 δ 21 -F
A2kv 0151-C415 6 Rε S1STUR 415 It .125W F Τί =υ+ -1 υ0 24540 C4- 1/Β-ΤΟ-475R-F
ΑίΚ S 0757-0415 k έS1S1JR 475 1 Υ .125W F Τ[=Οτ -1 ύ 0 24540 C4 - 1/ Β -ΤΟ- 4758-F

A2k6 υ 157-L415 ktSISTDR 475 1 Ε . . ί 5 Ν F TC=0 +-100 24546 L4-1/d -ΤΟ-475 Η-F
A2k7 J6 β 3-1035 4tS I STOR 10 Κ 5 χ .25Ν F C Τ[=-400/ + Τ (ιύ 01121 CB1035
Αίκθ 0683-1035 κFS ISTUR lUK 5% .25 Ν F ί TC=-400/+700 01121 ί81035
A2k9 ύ083-1035 κε S ί S ΤυΚ 1 ΠΚ 5% .25 Ν F Z Τ C=-400/+700 01121 [81035
Α 2 κ 10 υ683-1035 kΕS157GR lUK 5 . .25W FC Τί=-νΟ0/+700 01121 CB103 -`

A2 R 11 U757-0415 kα SΙςΤΠβ 475 1% .125 Ν F TC=0+-100 24546 C4 -1/ 6 -TU-4754-F
Αϊκ 12 0157-0415 RFS ISTUR 475 1% .125W F TC=U+- l Uu 24546 ϊ4-1/ Θ -ΤΟ-475 Κ-F
Α 2 κ 13 J033-2715 1 Kt ς l$TJR 270 5 Χ .25 μ F C Τ r =-400/ τ600 01121 [82715
A2k14 υ75 -7-6429 RES I STGR 1 .824 ΙΧ .125W F TC=0 + -100 24546 ί 4-1/b-Τ Ο - 1821-F
Αί R15 ϋ 157-0415 RE ς- Ι $TUR 475 1% .1254 F TC=Π+ -100 24546 C4 - 1/ δ-Τύ -4754-F

A2U1 lbιύ-0600 5 1 ί - D IGITAL UM74L90N ΤΤι L D ECD 27014 DM74L9 ύ NΑ 2 υ 2, 1820-η600 Ι-.-DIGITAL ')M74L90N TTL L DECO 27014 LM74L90NΑ 2 υ 3 1 Ηίυ-060 υ IC-D IG I TAL DM74L9UN TTL L D ECO 27014 DM74L90N
A2U4 4731 Ο- υ U12 ύ 1 P .C . BOAKD, B LANK 28480 47:10-00120

036 ύ-173 ιι 65 ΤΕ 4 ΜΙΝΑι-STUO SPCL-S7DF PR ° SS-MTG 00779 Ρ 75-31131-1

Α 2U5 1 α 2 υ-1442 2 IL- D IGITAL SN74LS290N TTL LS O ECD 01295 SN74LS290 ΝAZUO :82 υ-1442 IC - DIGITAL SN741S29UN TTL LS DECD U1295 S N74L5 ?9ΟΝ
A2U1 1ts20-06ΟΟ Ι '_-DIG ITAL ΟΜ 74ι9Μι TT L L DECD 27014 ΟΜ74 L 90Να 2 υο 1320-υ 587 5 IC-U IG I TAL DM74L10N TTL L T PL 3 ΝΑΝΟ 27014 U M74L10NA2U9 1b2.-U5o4 9 IL - ϋ IG I7AL υΜ 74L ύ 2 Ν TTL L ϋU AD 2 NOR 27014 OM14LU ϊΝ
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Table 6-3. Replaceable Parts (Continued)

See in troduction to t his sect ion for ordering inform at ion

Reference
Designation

HP Part
Number

Qty Description Mfr
Code Mfr Part Number

Α 2 υ 1 Ο 1820-ύ 596 11 IC - D I G ITA L DM74 L 74N TTL L DUAL 27014 ϋΜ 74L74 ΝA2U11 1620-059 Ό IC-DIGITAL ΟΜ74 ί74 Ν TTL L DUA L 21014 OM74 L I4N0.2L12 1 α 20-1425 2 IC -DIG ITAL SN74L S132N TT L LS QUAD 2 NANU 01295 S N74LS132NΑ 2 υ 13 Ι 820-05 β 3 11 3ΐ - D IG ITAL DM74LOON TTL L QUAD 2 NAND 27υ 14 U Μ 74L~GN0.2U14 1820 -Οό 2 7 1 1-'--DIGITAL 93L010 ί TTL L 4 θίΟ-ΤΟ-D EC 072 ο 3 93 LO1JC
0.2U15 Ι 8 Ζ0- U 59t IC-D IG ITAL DM74L74N T7L L DUA L 27J14 J Μ 741,74ΝαιU1 ο 182 υ-05e3 1ϊ-v1G1TA L 9 Μ 74LΟΟΝ fTl L QUAD 2 ΝΑΝΟ 27014 ϋΜ 74 ι ( ιΟΓJΑϊU17 1 βΖ 0 -0054 2 IC-D I G ITA L 5 Ν7400 Ν TT L ύUAD 2 NA N D Ο1295 SN74uUNΑιU1 δ tb20 -0596 IL-DIGITAL DM74 L74N TTL L DUA L 27614 JM74L 74NAZU19 1820-0600 IC - DI G ITAL DM74L90N TTL ι D ΕίΟ 27014 JM 74L9 ύN
A2U20 1 Β20-0 ό58 1 Ι [-DI G ITA L 93 L 12DC TT L L 8 8- ΤΟ - 1- L INE 07263 93 ι12DCA2U21 18ιυ-0595 5 IC -oIG ITAL UM74L73N TTL L DUA L J- Κ 27 ύ 14 DM74L 73Nω2 υϊ 2 182 υ -05δο 1 Ι[ - DI G ITAL 0 Μ74Lύ 4 Ν TTL L ItiEX 1 27014 u M 74LG4ΝA2U23 162Ο-ύ584 IC - DIGITA L δΜ74 LύΖΝ ITL L QUAD 2 NOR 27014 ΠΜ 14L02 ΝΑ 2 υϊ 4 1820-05 θ 8 3 IC -0 IG ITAL UM74L20N TTL L DUA L 4 ΝΑΝυ 27014 DM74L20N
AZ U25 182 Ο-0583 1C-D IGITAL UM74L00N TTL L QUAD 2 NAND 270 3 4 ϊΜ74160 ΝΑίUϊ 6 18 ϊ0-0595 IC -0 IG ITAL DM74L73N TTL L DUAL J-Κ 27014 DM74 L 73NΑ 2 υ 27 1 Ρ 2 υ -υ 5 ρ 3 IC--DIGITAL JM74LOON IT L L QUAD 2 ΝΑΝΟ 27014 ΟΜ74Lπ 6ΝA2U28 1820-0584 1 C-D IGITAL DM74LO2N ΤΤί ί QUAD 2 NOR 27014 DM74LC- LNA2 U29 1820-1425 IC - D IGITAL SN74LS132N ΤΤι LS QUAD 2 ΝΑΥ0 01295 $ Ν74L113ιΝ
Αί U30 1820-0596 IC -D IGITAL LIM74L74N TTL L DUAL 27014 DM74L74Nλ 2U31 1620-0583 Ι[ -UIGITAL DM74LOON TT L L QUAD 2 NAND 27014 πΜ74 L ΟΟΝΑΖύ31 1820-ύ584 IC -DIGITAL ΟΜ74 ί 02Ν iTl L QUAD 2 N OR 27014 DM74 L UCNA2U33 1 α 2 Ο-05b7 IC -D IGITAL DM74 L 1GN TT L L T PL 3 ΝΑΝΟ 27014 ΟΜ 74 L 36 ΝA2 U34 IR 2U-0584 IC - DI GITAL DM74LO2N TTL L QUAD 2 NO R 27014 DM'74 LΟίΝ
A2U35 18 ΐ0-0584 1C -D IG I TAL UM74Lύ 2N TT L L QUAD 2 NUR 27 ύ 14 D :474 L02 ΝA2U36 1820- ύ588 Ι [ -D IG I TAL DM74L20N TT L L UUAL 4 ΝΑΝϋ 27014 UM74LZONλίU37 1820-05αΤ Ι [ -D IG I TAL DM74LI0N TT L L T PL 3 NAND 27014 DM74 L 10^1A2 J38 1320-05 δ 3 IC - I I G I TAL DM74L00N TT L L QUAD 2 ΝΑΝΟ 27014 ύΜ 74 L00 ΝΑ 2 υσ 9 162 Ο-059 Ό 1C -D IG I TAL DM74L74N TT L L DUAL 27014 DM74L 74N
ΑΖυ 4 ύ 1820-U621 4 IC-DIGITAL 5 Ν7438Ν TTL QUAD 2 NAND 01295 SN7433N
Α 2 Υ 1 0410-0436 1 CkYSTAL:γUAR TZ ΙΟ ΜΗΖ 00809 08Ο

7 Θ205-63060 9 .Α)MPERS 28480 78205-63060

Α 3 47310-Όύ 130 1 MI DD L E Ρ .[ . ASSeMBLY (FIGURE 6-7) 28480 47310-t0230
α _ ί 1
Α 3 ί 2

U3 όG-3097 CA PA C I TOR-FXD .47UF +θ 0 -2Ο$ 504VD6 C έR 56289 SC54C2-CML
A , C3

0160-30 ν 7 LA Ρ AC I TOR- FXD .47UF +8 U-20 Υ 50NVDC CER 56289 SC54C2-CML
Α3 ϊ 4

UlbO-3097 CAPACITOR -FXD .47UF +α0-2Π$ SOWVDC CER 56289 SC54C2-CMLύ 16 Π-3 ύ 97 CAPAC I TOR- FXD .47UF +80-2Ο$ 50WV DC CER 56289 SC54C2-CML
λ3J2 1251-3 ν 5 β LONNECTOR 10-PIN Ν POST ΤΥΡΕ 27264 22-10-2101
A3R1 υ663-5 Ό 25 12 RE S ISTOR 5 . οΚ 5$ . ISW FC TC=-400/+70 0 01121 ί85625A3R2 G653-5625 kESISTUR 5 .6 Κ 5$ .25 μ FC Τ[=-40C/+700 01221 ί95625Α 3 κ 3 0683-5625 RESISTUR 5 .6 Κ 5% ϊ 5 Ν Fr Τ[=-400/+700 0 1121 [ό5625ΑίR4 υ 6 α3-5ο25 k ε S I STL42 5 .6K 5% .25 μ FC TC=-400/+700 01121 ϊθ `_~625
ASU1
Α 3Uι

1 β 2U -0595 Ι[ -D IG ITA L DM74L73N TTL L DUAL J-K Ζ7014 UM74L73NL e2u- ι)596 IC-ϋ IG1TAl 0 Μ 74L74 Ν ΙΤί L DUAL 27014 DM74L744A3U=
Α 304

1 δϊΟ-u h33 IC -D IG1TA ι DY74LOO N 7 Τί L QUAD 2 NAND ?7 υ 14 DM74LUON
A3U5

I b2J-05- 95 IC - JI GITA L 0 Μ 74 ί73Ν TT L L UUAL J-Κ ί7G74 υΜ74 L 73 Ν232C " -ύ 5b4 IC-DIGITAL D Μ 741-6 ί 4 Τ 7 ι L QUAD ι Ν (" R 27(,14 JM74 L (' ίN
A σ Ut 18 ί (1-ο595 3[- DIGITAL DM74L73N TT L L DUAL J-Κ 27014 SιM74L ( sNΑ .ιU1 ί 8 ϊ0-υ5,6 IL-DIGITAL U Ν 74ζί 0 Ν TT L L ι )U AL 4 NAND ι7014 D Μ74 L 20NΑ 3υ 3 1.Σ20-υ 5 Ό 3 IL -DI G I TAL DM74LOON 7TL L QUAD 2 ΝΑΝ :) 27014 υ :4741- ΟύΝΑιU9 1 α20-0876 3 IL - DIGITAL SN74 L 75N IT L L U -7 ΥΡΕ 012,05 5 Ν74L 75 ΝA3J10 1bιυ -Ο "17b 3 Ι (. - DIG I TAL 93L1eDC 7T L ι BIN SYN [ Η R ύ 07 , .3 93 L 1u UL
ιιϊJ11
Α 4"U 12

122 υ -υ 5ΡΙ IC-(t I '. I TAL ~M74L1 UN 77L ι TPL 3 ΝΑΝD ϊ 7Οι 4 ϋΜ 74L ΙΠΝ
Α 3 υί 3

1 .20-υ094 IC -OI G I TAL SN74GON ΙΤι QUAD ί ΝΑΝΟ 01 ί95 SN740UNi62 υ-0b21 IC-D I G ITAL SN7439N TTL ύU .ΑΟ : NAND ύ1295 SN74bCNΑσΟ 14
Α 3(115

1°2 ί-0710 2 IC - ~) Ι -ΙΤΑί 93L22JC TT L L QUAD 2 0726i 93L22 ϊtC .1820-(ι876 Γ ;; -DI GITAL SN74L75N TTL L Π- ΤΥΡΕ 01,2 95 SN 7aL7 ' N
Α 3 υ 1 ε
Α .ιJ17

1 βϊ 0-υ77 ο IC -D I G I TAL 93L16ϋ [ TTL L BIN SYNCHR :7 C7263 93ι1.[,'-,1b2 ύ-υ ~s!4 IC -JI G I7AL ilΜ 740,2,γ ΓΤL L υUΑ 0 ί NUR 27014 ΟΜ 74LΟιΝA3U 14
AiU 19

1!+ ? ύ-1154ό I C-J I GI TαL DM74 L I4 N 7TL L DUAL ί 7ύ 14 Oλ74L 74IJ
Α 3υ ? υ

1 Θ20-υ 621 Ιί-υ 1 ϋΙΤΑL S474j λN 7TL QUAO 2 ΝΑΝΟ 01,95 S "'J74_bh1820-0710 Ι ( -U IG I7A L 93LL ΣDC 7 ΤL L ι~U ΑJ ι 072 ί 3 93 ι22JC
Α30-1
Α , υ 22

1 1+2 υ-ύί 7 δ 1ι - ϋIGITA L S ιV74L75 N ΓΤί ι D -TY PL 0129 5 5 -V7417^ Ν
Α3υι 3

182 υ- ΰ - 773 9.ί-JI ο ITA L 93 L 1 ΕΠ C ΤΓ L L BIN ΰΥΝ [ Η , ί U υ 7 ί t~ ν 3 ί 1 Ε U ι
ω 3 υ -4

Ν 5Ν
47 .i1 U-00130 1

ιω_ιΤ US,()
Ρ . ί . BOARD, B L ANK

2Ρ4F ύ NSN
2°4 f 0 47?10 -( ι0 Ι 30



Table 6-3. Replaceable Parts (Continued)

Section VI - Replaceab le Parts
Model 59313Α

See introduction to t hi s sectio n for ord e ring i nform ation

Reference
Designation

HP Part
Number ow Description Mfr

Code
Mfr Part Nu mber

Α4 47310-60110 1 BLTTUM P.C . ASSE MBL Y (FIGURE 6-9) 284 ού 47 .51 Ο - π0110
A4C1 0150-012 Ι 10 ίΑΡΑίΙΤ G Κ- FXD IUF +80-20 Χ 50 ιιΥDί ιΕ R 56289 SC50b1-CML
A4C2 Ο 15Ο-0121 CAPACITOR -F Χ D . ΣUF +80-20 ά 50W V DC C E R 56289 5C50β 1-CML
A4C3 015 ύ-0121 CAPAC ITOR-FX9 . lUF +d U -2ΟΖ SOWVOC CER 56289 5C50[11-CFILA4L4 U160-0134 2 LAPAC ITD R- F X U 220 PF +-5 Ζ 3U 0WVOC M ICA 72136 RDM 15F 221 J3CA4C5 ΟΣ60-0134 CAPACITOR- F XU 220 PF +-5 Ζ 3 Π OWV DC M ICA 72136 RDM 15F 221 J3C
A4C6 Ο 1 οΟ-ί 208 4 GAPAC I TOn- F XD 330 PF +-5 Υ 30DΝγύί MICA 72136 RDM 15 F 331 J 3C
A4C7 υ 1 ο0-3465 1 LA P AC ITOR- F XD .047 UF ι -10 Υ 50W V DC ΡΟ LΥί 84411 463UW4739k5 W 2
Α 4ί 8 0160-2204 7 CAPAC ITOR- F X U 100 Ριι -5 Υ 300 WV OC M ICA υ 9 Ο 23 R O M 15 F 101 J 3C
Α4C Υ 0150-01,1 CA P AC I TO R- F XD l UF ι 80 -20Ζ 5UW V UC CE R 56289 5C50 β 1-ΓλΙL
A4LI0 ύ 15ύ-0121 λ PAC ITOR- F XD lUF + ΒΟ-20Ζ 50WVOC C ER 56289 5C5081-ML

A4C11 016 ύ - ϊ 21d 1 CA P AC ITO R-FXO 1000 ΡΚ ι-5Υ 3 ϋ DW yDC M ICA 28480 0160-2218
A4C12 0140-0197 1 CA P AC I TOR - F X U 180P F +-5 Ζ 30 υ WV DC M ICA 72136 OM15F181 J ύ 3 U "vWV 1C K
Α 4 ιΙ 3 G1 BC-2026 1 C :FXD ELE CT 3200 O F +100-Ι 0 Ζ 25 V DC W 00653 505
A4C14 0150-0121 CAPACITOR - F XD . lUF + 90-2GZ SOWVDC CER 56289 5C5 ΠβΙ -CML
A4C17 0180-2060 1 CA P AC ITO R-FXD 40 U F + -20 Ζ IOVDC ΤΑ 56289 150D406XOO1 J 82

A4C l6 0154-0121 CAPACITOR-F XD I UF +80-20Ζ SO WV DC C ER 56289 5C5081 -CML
A4C17 015 υ--0121 CA P AC ITO R - FXD IUF ι80-20Υ 50WVU C C ER SG289 5C5 ΠΒ 1-CML
Α4[18 01 60-1739 2 CAPACITOR -F X U 250UF +75-10Ζ 50VOC AL 56289 390257βΟ50 ΗΕ 4A4G19 0180-1739 CAPAC ITO R - F XD 250UF +75-10Ζ 50 VDC AL 56289 39D257 ύ050 ΗΕ 4
A4C20 0180-0183 2 C λPAC I T υR- F XD I OUF ι75- 1 0 3 50VDC AL 56289 3UDΙΟουυ 5 ύϊΒ 2

Α4ί 2 Ι G1BU-0183 LA P λCITUR - F XD l0UF+75-103 S UV OC A L 56289 30030nGU50C82
A4C22 0150-Π12.1 LA P AC I TO k - F X U IUF ιΘ0-203 SO WVDC CE R 56289 5C50 β 1-CML
A4C23 0150-01 ί 1 CAPAC I TO R - F XO . IUF 480-20Υ 50WVUC C ER 56289 5C50 β 1-ΓλΙL
Α4 ί24 0160-0776 2 CAPACITOR - FXD 1500 PF +-203 I 000WV DC CE K 56269 C023 B 102 F 152MS ι5-CυΗ
A4C25 0160-U776 CA P AC I TOR - F XD L SOOPF +-20Υ 1000W VOC CER 56289 C0238102 F 152 MS25-ίϋΗ

A4C26 0160-2208 CAPACIIOR-FXD 330PF ι-5 Ζ 300 W VGC M ICA 72136 R D M 15 F 331 J 3C
A4C27 υ16 ύ-220 Θ CA PAC I TO R - FXD 330PF +-5 Ζ 300WVDC M ICA 72136 R OFi15 F 331 J 3CΑ4628 0160-2208 C ΑΥΑ CΙΤΟΚ - ΕΧ 0 330ρΡ +-53 30ύ W V D6 M ICA 72136 R D M 15 F 331 J 3C
A4C29 0160-ί204 LAPACITDR-FXD 100PF + -5 Υ 300WV DC M ICA 09023 R DM 15 F 101 J 3CΑ4630 0160-2204 CA P ACITOR - FXD l UOPF ι-$ Ζ 300 W VDC M I CA 09023 R OM15F101 J3C

A4C31 0160-22 υ4 CA PAC I TOR - FXO IOOPF +-5 Χ 300 W VDC MICA 09023 R DM 15 F 1O1 J 3 ίA4C32 Ο16 Ο-2204 CA P ACITOR - F XU IOOPF a-5 Υ 30GWVUC MICA 09023 R DM15F1G1 J3C
λ4C33 0160-2204 CAPACITOR - F XD IOOPF + -5 Υ 300WV D6 M I CA 09023 RJM15F101 J36A4C34 ύ16 Ο-2204 λ P AC I TO R -FXD ΙΟΟΡΕι -5 Ζ 300WV DC M ICA 09023 λ DM 15F101 J3CΑ4635 0160-2198 1 CA P AC I TOR - F XU 2GPF ι -5 Υ 300WV DC M I CA 72136 ROM 15C200 J 3C

A4C R 1 1901-0053 6 UI UD E -GE N PRP 30V 150ΜΑ 00-7 07263 FD3444
A4LK2 190 1-0053 DfOD E-G EN PRP 30 V 150ΝΑ 00-7 07263 FD3444
A4LR 3 1901-0053 DIODE-GEN PR P 30Υ Ι50ΜΑ 00-7 07263 FD3444
A4C R 4 1901-0053 DIOD E-6ΕΝ PRP 30V 15 ΟΜΑ DO-7 07263 FD3444
A4C R 5 1902-0685 1 D10DE-ZNR 9Υ 2 Ζ DO-7 PU= .5 Ν 7C= ι .001 Ζ 04713 S2 12169

A4CR6 1901-0053 DIODE-G EN ΡR Ρ 30V 15 0ΜΑ DO-7 07263 FD3444
Α 4LR7 1901-0053 DIODE -G EN PRP 30V 1 5 0MA 00-7 07263 FD3444Αν,-K8 1901-0028 5 DIOU E-PRW RELY 400 V 750ΜΑ DO-29 04713 S R 135d -9A4C R 9 1901-0028 DIOD E - PRW RE ,-- T 400 V 75 014 Α DO-29 04713 S R 1359 -9
A4CRID 1901-0363 1 DIDOE-MUL T FULL WAVE BR IDG E RE CTIF I ER 04713 $DA 10185-3
A4CR 11 1901-0028 DIODE-P R W RE CT 400 V 75ύΜΑ OD-29 04713 5R135-9
A4CR12 1901-0028 DIODE - PRW RE CT 400 V 750ΜΑ 00-29 Ο471"3 5 R 135 ε: -9A4LR13 1901-0028 DI ODE-PR W RE CT 400 V 750ΜΑ DO -29 04713 S Ρ 135 11-9

A4 J 1 1251-2 υ 25 CONNECTOR-PC EDGE 24 -CΟΝΤ/ROW 2-ROWS 71785 252-24-3 Ο-340
2200-0147 S LREN -M AC H 4-40 .5 -1 Ν-L G ΡΑΝ- 40-Ρ02 Ι 28480 2 200-01472340-ΠΟύ6 NUT1ΙΕΧ-DBL-(:ΗΑΜ 4-4Ο-"ΓΜΟ .094-ΤΗΚ 28480 2340-0006A4 J 2 1251-3958 CONNECTUR LO-PIN Μ POST ΤΥΡΕ 21264 22-10-2101A4J3 1251-395 b CO NNE CTO R 10-ΡΙΝ Μ P OST ΤΥΡΕ 27264 22-10-2101

A 4J 4 1251-3958 CONNECTOR 10-PIN Μ POST ΤΥΡΕ 27264 22-10-2101A4J5 1251-3964 CDNNECTUR 3-PIN Μ P OST ΤΥΡΕ 27264 22-11-204 ΣA4 J6 1251-U664 1 CONNECTO R "-PIN Η K E ίTA N GJL A R 91662 00-8129--0 Οο - 610-ΟΟ 1A4 J 7 1251-3958 CONNECTOR 10-PIN Μ P OST ΤΥΡΕ 27264 22-10-2101
A4J 8 1200-0473 $ Ο6ΚΕΤ - IC 1 ί-CO N T DIP-$ LOR 78303 C9316 Π 2
Α 4ΜΡ 2 47310-00050 1 ΗΕΑΤ SINK BRACKET 28480 4731 ύ-000502200 -U 1 Π 7 4 SCREW-MACH 4-40 .375 -ΙΝ- L G PAN -ΗΟ - POLI 00000 OBD

2340-0006 NU T-HEX-UBL-CH A M 4 -4 f >-7 N U .094-ΤΝΚ 00000 0BD
2360-U115 SCRE W -MAC H 6-32 .312 -IN - L G PAN-HD- ΡΟΖ 1 00000 00D

Α 4 Μρ 3 47310-00060 1 POT AL IGNMEN T BRACKE T 28484 47310-00060
Α 44 Ι 1855-0406 Θ TRANSISTOR J-FE T Ρ-6 ΗΑΝ D-MOD E $ Ι 32293 ΙΤ 110Α 442 1855-04 U ο TKAN S I STON J-FE T Ρ -ίΗΑΝ 0-MODE SI 32293 I T11UΑ 403 1855-0406 TRA N S I STO R J-F E T Ρ - ; ; ΗΑΝ J-NUD E 5 Ι 32293 ΙΤ 110Α4υ 4 1055-0406 TKA Ν S I STD R J -FE T Ρ-L hA N ύ-MOD E $ Ι 3 ίί 93 ΙΤ 110Α 4μ 5 1875-0406 TRA N S I ST UR J-FE T Ρ-CHA N D-M9D E $ Ι 32293 ΙΤ 11 Ο
Α 406 1855-U406 ΤΚ AN S I STO R J -FE l F - L HA N υ-MDU E S I 32243 ΙΤ 110Α 4υ 7 1855-0406 Tk α N S I STOR J-FE T Ρ-CHA N D-MODE SI ι2293 ΙΤ 11 ΟΑ 446 1855-0406 TK λ N S I ST U R J-FE T Ρ-L ΗΑΝ U-MOD E $ Ι 32293 ΙΤ 110Α409 1854-0263 Ι TRANSISTOR ΝΡΝ 2Ν3019 5 Ι ΤΟ -5 Ρύ=800ΜΝ 04713 2Ν3019
A4R 1 ύ69d-6977 9 RtSl$ ΤΟΚ 3UK .1 Ζ .125Ν F Τί = ύ+-25 ϊ4546 ΝΈ55Α442 ύο 9b-ε 336 4 nESISTDR 6.5Κ it . i 25W F TC=0+-25 2,546 ΝΕ 55ΑνΚ 3 Οο98-6624 5 RE SIST υR 2 Κ . ΙΖ .1~ ιΝ F TC =O+-25 24646 ΝΕ55A4R4 ύ698-8191 7 RESISTOR 12 .5 Κ .1,Ε .125 ω F Τ "ί=0 ι-2 5 19101 MF4C1/8- Τ 9-1252 - ΒΑ4λ S ύο d .ί-1U35 k έ S1STUR 1 ύΚ 5% . ί 5 Ν F C TC=- 400/+700 01121 C81035
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Table 6-3. Replaceable Parts (Continued)

See in trodu ct ion to this sect ion for ordering inform ation

Reference
Designation

HP Part
Number

Qty Description MfrCode Mfr Part N umber

Α 4κ 6 210 Ο-3261 8 RE S I STO R-7kMk 2ΠΚ ΙΟ % C SI Ot-ADJ 17=TURN 32997 3006 ρ -1 -2 Ο 3A4k7 069 θ -ί977 RE, Ι $70R 3ύΚ .1 Χ .1254 F TC =U+-25 24546 ΝΕ 55Α 4 κβ 0698-ό 620 4 R E S ISTOR 150Κ .1 Χ .125Ν F TC =O+-25 Ο 3 ε 88 ΡΜΕ 55SΑ4R Ύ 2100-3161 ΚFS IST UR-7 R ΜΚ 20 Κ 1 ύ t C SIDE -AOJ 17-TURN 32997 30G6P-1-ί 03A4R10 0698-ο477 kE S ISTO R 3C Κ .1 Χ .1 Σ 5 Ν F TC=O+-25 24546 ΝΕ55
α4Κ 12 0696-6336 RES ISTOR 6 .8 Κ 1% .125 Ν F Τ[=0+-25 24546 ΝΕ 55α 4Η 12 ύ69 Ρ-6624 κES I STOR 2 Κ .1 Χ .125W F Τ [ =Ο+-25 24546 " ΝΕ 55Α4 κ 13 ύ698-8191 R Ε SISTOR 12 .5Κ 1Χ .125W F 7 C =0+-ϊ 5 19701 MF 4C1/ Ν - 79-1252-bΑ 4κ 14 Οόβ 3-1035 RESISTOR lUK 5% .25W F C Τ [ =-4D0/+7 ΟΟ 01121 C31035A4k15 2100-3161 RESiST Jk-TRM R 20Κ 10% C SID E -ADJ 17-TURN 3? 997 300όΡ-1-203
Α 4Κ 16 0698-6977 RESISTOR 30 Κ .1 Χ .125 Μ F 7C=0+-25 24546 ΝΕ 55Α 4R Ι 7 0648-ο 62G RESISTOR 150 Κ .1Χ .125W F TC = ύ+-25 03888 ΡΜε55$Α4 Κ 18 2100-31 οΙ kE S ISTOR-7R NR 20Κ 10% C SIDE -AD J 1 Τ-TURN 32997 3 Λ 06 Ρ-1-203Α 4k Ι 4 0698-6977 RE S IST UR .ιΟΚ . ΙΧ .1254 F TC =O+-25 24546 ΝΕ 55Α4 α 2 Ο 0696-6336 KE S ISTUκ ό .8 Κ 1 Ε .1254 F Τς=0 τ -25 24546 ΝΕ 55
Α4R Σ 1 ύ698-6624 R E S ISTGR ίΚ .1'ί .125 λ F Τ[= Ο + -25 24h46 ΝΕ 55Α4 Κ 22 0 .9 ό-b191 RE S ISTOR 12 .5 Κ 1 δ .125 λ Ρ ]C=O*-25 197ύ 1 MF4C1 / σ - Τ 9-1"252 -3Α4Κ23 Οό83-1035 R ESISTOR 1UK 5$ .25W FL Τ[ >400/+7 ύU 01121 C81G35Αακ24 2100-3161 R E S ίSTOR-ΤΚΜΚ 20Κ lOt ϊ S I DE-ADJ 17-TURN 32997 3006 Ρ-'-203Α " '.κ 25 0698-6977 RES ISTOR 30Κ .1 Χ .1 ϊ5Ν F [C=0-2t 24^46 ΝΕ 55
A4k26 0o9b-6 6 2 0 κFS1ST~R 15ύΚ .1 Ε .125W F 7[= Ο +-25 03 λ 86 PNE 55SΑ.kϊ 7 2100-3161 nE S IS7UR-T RMR 204 10t C S ΙΠΕ-A0J 17-TURN 32997 3ύύοΡ-1-203Α4,26 0698-ο 977 RES ISTOR 3 ύΚ . ί % .125Μ F Τί = Ο τ-25 24546 ΝΕ 55A4 F'29 0698-ά 336 RESISTOR b.8K 1% . Ι 25 Ν F 7C = Ο+-25 24546 ΝΕ 55Α 4 κ30 0698-b624 R E SISTOR 2 Κ 2 Χ .1254 F TC =0+ -ϊ 5 24546 ΝΕ55
A4R~1 069 d- Θ 191 RESISTOR 12 .5 Κ . ΙΧ .125W F Τ[=0+-25 19701 MF4C1/ θ- Τ 9 - 1252-8A4R32 C b B3-1035 KE S I STU R 10 Κ 5 Χ .25W F C 7C=-4υύ / τ7Ο0 01121 C83035A4R33 2100-3161 κ ESISTJR-TRMR 20 Κ 10 Χ C S IDE-ADJ 17-TURN 32997 3006 Ρ - .-203Α4 Κ34 0698-έ 977 RFbISTΠR 30 Κ Ι $ .125 Μ F TC=O+-25 24546 ΝΕ 55Α4 Κ 35 U ο9b-ο 620 κΕ 5 Ι 5ΤΟR 15ύΚ .1 Χ .125 Μ F TC = Ο+-25 03888 PMe55S
Α 4 Κ 36 2100-3161 κES1STOk-TRM R 20 Κ 10 Χ C S IDE-ADJ 17-TURN 32997 300bP -1-2U3Α 4 κ 37 069 α-3442 1 RESISTOR 237 1% .125Ν F Τί =U:-100 16299 C4-1/ β-7 ύ-237R -FA4R38 0698-7847 1 ItL51S70R 1 .111 Κ 1 Χ .125W F TC=Οτ-25 1.9701 MF 4C' / έ - Τ 4-!111k- bΑ 4 κ 39 Ο698-7634 1 R ES I STOR 42 . ΖΚ 1 Χ .125W F Τ[=0+-25 19701 M F4C1/b-Τ9-4222-FA4R40 0757-Ο 199 1 :Η ES I ST UR 21 .5Κ It .125W F TC=Ο+-100 24546 C4-1/ Β-ΤΟ-2152 -F
A4k41 0698-5556 Ι πΕ SΖςΓυR 3 .3 Κ It .125 Ν F Τς = Οτ-25 24546 Νέ 55Α 4k42 069bro977 R έS1STOR 3 ύΚ .1 Χ .125 Ν F Τϊ = Οτ-25 24546 ΝΕ55A4k43 U757 --(ι273 Ι ΚΕ $ Ι S Τ (:R 3 . ύ 1 Κ 1 Χ .125 μ F Τς =Οτ-100 24546 C4-1/8-70-3011-FΑ 4 κ 44 ύο98-8191 RESISTOR 12 .5 Κ It .125W F TC =O+-25 19701 MF4C1/ Β-79-1252-8A4R45 069b -dI Vl RESISTOR 12 .5Κ . ΙΧ .125Μ F 7ί = Ο τ-25 19701 MF4C1/6- Τ 9-1252- Β
A4 R46 0757-Ο290 2 Θί $ ι S ΤΟΚ 6 .19Κ 1 Χ .125 Ν F Τ,-=0+-100 19701 MF4C1/8-70-6191- FΑ 4 Κ47 0683-1035 κ t : Ι $TO R 1DK 5% ϊ 5Ν FC Τς~4 ύ 0 /+ΤΟ 0 01121 [ Β1035A 4R48 0683-1035 RESISTO R 1 ΟΚ 5% .25ω FC Τ [ =-400/+700 01121 C81535A4Ra9 0683-1035 kES I STUR 1 ΟΚ 5% .254 F ί TC=-400/+7U0 01121 C81035A 4R50 0663- Ι035 RE.SiSTJR ΙΟΚ 5 Χ .25W F ς TC=-400/+700 01121 [8Ιο 35
A 4 R 51 ρ6 ό3-1U35 κε SΙςΤΟΚ 10 Κ 5% .254 F C TC=-400/τ700 01121 ς 8 Ι 035Α 4R ο 2 U698-6624 τιES ISTU R 2 Κ It .125 W F TC=0+-25 24546 ΝΕ 55A4R 53 ϊ 100-30 β 3 1 RE S I STJR-TRMR 500 1U Χ ί Τ [ Ρ-ADJ 20-TURNS 73138 664R506λ4R54 2100-3534 1 k ίSISTOR, ΥΑΚ 100 ΟΗΜ 28480 2100-1i34A4R55 Οοα3- .`615 ϊ RE S ΙS7DR 560 5 Χ ZSW F C 76=-400/+600 01121 G55 t, 15
Α 4Κ 56 0698-ο362 1 R tS Ι ST[ R Ι Κ .1 Ζ .125W Ρ Τς =ύ +-25 24 1,46 ΝΕ 55A4R57 Οο98-ο361 1 Η°$ ISTOR έΚ .1 Χ .1254 Ε TC=O+-25 24546 NF55λ 4R 58 0698-ο630 1 E: E S ISTUR 2υΚ .1$ .125W F TC =0+-25 24546 ΝΕ 55λ 4R 59 ΟοΥό-6627 Ι RES ISTOR 25Κ It .1 ?5 Μ F Τς = (ι +-25 24546 ΝΕ 55Α 4κ 6 ύ ύ683-1 ύ35 RESISTOR 1 ΟΚ 5% .25W F C TC=-400/ τ700 01121 CbI035
A4k61
A4Rb Z

0757-Π 28 Ύ 1 RE S ISTOR 13 .3 Κ 1% .125 Μ F 7 ί = 0 τ-100 19701 MF 4C1 / ε - 7 ύ- ί 332-F0757-U2 ά0 2 RES ISTOR 1 Κ 1 Χ .1Z5μ F TC=U τ -lU0 24546 C 4-1/ri- ΤΟ-1Ού1-ΡA4k63 J b 9b-3154 1 RES ISTOR 4 . Ζ 2 Κ 1% .125W F TC= 0+-10 Π 16299 ς 4- 1/£ - ΤΟ - 4 ϊ 21 -FΑ4κό4 υ69 Ε-41c1 1 κΕ S Ι$TGR 11 .3 Κ 1$ .2254 F 7C = 0τ-100 16299 ί 4 - 1/8 -7 Ο-1132-FΑ4 κ 65 0698-8191 RE $IST UR 12 .5 Κ .1 Χ .1254 F Γί =Οτ-25 19701 MF4C1 / ε - Τ 9 - ί 252-b
Αακοό 0633-5625 κΕ S Ι $ΤύR 5 .6 Κ 52 .25 Μ FL 7C=-4U0/ τ70Ο ύ 11 Ζ 1 C85625A4k67 Οο 98-δ353 2 ΚcS IST UR 50Κ .1 Χ .125 W F TC=ύτ-25 036αθ ΡΜε55SA4Rb8 1ι698-6353 ΚΕ SΙ S ΤςΩ 50Κ It ιί 5Ν F Τς = Ο+-25 03883 P M E55SΑ4 :αό 9 0683-5625 RES ISTOR 5 .6 Κ 5% . ί 5W FC Τς ~ -400/+700 01121 C65o25λ 4κ70 0683-5625 RE SISTOR 5 .6 Κ 5% .25W F ί TC=-4UU/ τ 7Ο 0 01121 ςθ 5 ο 25
Α4 α 71 0683-5b25 RL S ISTOR 5 .6 Κ 59 .25W F C 7C=-400/+700 011.21 C B 5625Α".k7 ί U6 B .i-56 Σ 5 κΕ SΙ SΤίϋε 5 .6 Κ 5t .25 μ FC TC=-4C0/+700 011 -ι 1 [85625Α".κ 73 ύο98-4 ύ 09 1 λ eSISTOR 50Κ 1$ . Ι25 μ F Τς = Ο+-100 1 ε299 [-1/ λ-70-5002- FΑ48 74 0633-5625 RE S IST υR 5 .6 Κ 5% .25W F ί TL=-4υύ / +700 01121 ς 6 5625A4R15 06L3-1035 ΚΕ $ιςΤΟ R 10R 5% . -25 Ν F C Τϊ=-40Ο/+700 01121 C81C35
A4R76 υ757- ύ 2 Ε'4 1 RESISTOR 150 1% .125 Ν F TC=0+-100 24546 ς 4-1/3- ΤΟ-151 -FA4R77 U.8-;b25 RE SISTOR 5 . όΚ St .`254 F{ TC=-400/+700 01121 CB 562_5Α ".k73 U ο b3 -5625 RES I S7 U R 5 .6 Κ 5 Ε .25 Ν FL Τ[=-400/+700 01121 C856?5A4R79 Οοά 3-5615 RESISTOR 56 0 5% .25W F C 7 ς=-400/+600 01121 ί 35615Α4k6ύ ο757-02EU RES I STOR ΙΚ 1% .125 Ν F TC = ύ +-100 24546 C4 -1/ Β- ΤΟ - 1001-F
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Reference HP Part
MfrQtY Description Mfr Part NumberDesignation Number Code

Α4R δ 1 Z1G0-3097 1 kES I STGR-TRMR 100Κ 10 Χ C TOP-ADJ 73138 b6 WR I0 ύA
A4R82 0683-0515 2 ίc Ε 5 Ι 5ΤυR 5 .1 58 .25Ν PC Τί=-40 ύ / . 5 Ού 011 ίΙ ίΕι 51 (1`
λ4Ηθ3 Obd3-0515 RESISTOR 5 .1 5$ .25W PC TC-400/ . 500 01121 CE 51 .15
Α4Rη4 6698-4409 2 R E S ISTO R 121 1% .125W F TC=U+-100 l b2 99 L4 -1/ k-ΤΟ-127k-F
Α 4Rδ5 U757-0 Ζ90 k Ε S ISTO R 6 .19 Κ 1 t .125 Ν F Τ ~C= Oi-100 19701 MF4C1/d-70 -6191-F

A4R66 0683-3315 1 kES I STOR 330 5% .250 PC TC=-400/+600 01121 C63325
A4k87 U οΥ 6 -4409 ReS ISTUR 127 1$ .125 Ν F Τί =Ο+-100 16299 C4 - 1 / ε-ΤΟ-127k-F
A4958 0757-0389 1 RtS IST ύR 33 .2 18 .125W F TC=U+-100 245,ο 6ν-1/-j-TG-33α2-F-

A4U 1 1820-1056 2 Ι-D IG ITAL SN7413 ?Ν TT L QUAD 2 ΝΑΝΟ 01295 ςΝ74 Ι 32 Ν
Α4ύ 2 182 ύ-0563 IC - D IG

I
TA L UM74LOON TTL L QOAD 2 NAND 27014 OM74LOON

A4U 3 1b2G -U5b7 IC-DIG TA L OM74L1UN TTL L TPL D ΝΑΝύ 27014 DM 74 L 10N
A4U4 1820-0514 1 IC-D IGITA L S Ν7426Ν TT L QUAD 2 ΝΑΝΟ 01295 SN742cN
A4U 5 1826-1ι059 4 1 ι LM 2U1 Α: OP AMP 27014 LM?D1 ΑΗ

A4U6 1820-1056 IC -D IG I TA L SN74132N ΙΤί QUAD 2 NAND 01295 $ Ν74132 ΝA4J7 1620-059 ο 1C-D IG ITA L GM74L74N T7 L ι DUAL 27014 UΜ74 ι 74Ν
A4U8 1d2G-Ub ιl Ι6- D IG ITA L SN743dN ΤΤι QUAD 2 NA ND 01295 S Ν7436 .Ν
A4 U9 1820-0596 IC - D IG ITAL DM74L74N TTL L JUAL 27014 ίιΜ 74 L 7 ΑΝ
Α 4υ 1 Ο 1626-0026 1 IC LM 311 COMP ARATOR 27014 LM DII H

A4UII 1820-0478 Ι IC LM 308 OR AMP 27014 LM30dH
A4U12 1 η 26-ά1059 Ι '= LM 201 Α UP AMP 27014 LMLO l AH
Α 4 ύΙ 3 182 ύ-0584 IC-D IGITA L ύΜ 74 ι02Ν ΩL L QUAD 2 NOR 27014 UM74 L Π 2N
A 4J14 1824ti583 IC-O Ib ITA L DM74LOUN TTL L QUAD 2 NANU 27014 DM74 L nON
λ 4U15 18 ϊD-0583 Ι6- D IGITA L DM74LU ON TTL L QUAD 2 NAND 27 ύ14 OM74LU( " Ν

A4U16 1.82 υ-U59b IL-DI G ITA L DM74 L74N TFL L DUA L 27014 D M74 L 74N
A4U18 : ύ26-0043 7 IC LM 307 ΟΡ AMP 27U14 LM307HA4U19 182 ο-0043 Ι' LM 307 OP AMP ?7 Π14 LM307H
A4UZ0 1 Θ 2ο-0079 IC LM 201 Α OR AMP 27014 L Μί 01 ΑΗ
Α 4υ 21 162 ο-0043 1C LM 3 ύ 7 UP ASP ι7ΠΙ4 LM307ri

A4022 l d26-0ύ43 IC LM 307 UP AMP 77014 L M207H
Ανυ 23 1826- ύ059 IC LM 2 υ 1Α OR AMP 27014 LM2Ul AHΑ4Uί4 1d"26-Π04? IC LM 307 OP AMP 27014 ιΜ 307 Μ
A4JZ5 1820- 3430 1 IC LM 309 V RG LT R 2 7014 LM 309 K
A4U26 16Ζο-014 υ 1 1[ 14C 1468 V RGLTk 04713 MC146dk

α4U27 l ηϊο-0043 1C LM 307 'JP AMP 27014 ιΜ 3 Ο 7 Η
Α 4 ύ 28 182 6 - 0043 1 ί LM 307 OP AMP 27014 LM 307HA4U29 47310-ύ0 Ι 10 Ι Ρ .ι. BUARD, BLANK 2 δ 4όΟ 4731U-00110

Ο 36 υ-1730 ItkMIN AL-STUD SPC L -SIDF P:fl ΕSS-MTG 00779 Ρ75-31131-1
47310-9U 110 SCrι E MAT ICS 28480 47310-90110

3 SH tE7S

A4W1 78205- ό , ι 0 ο 0 JUMPεR 2 Θνό 0 78 ί05-,306 υΑ 4 ω 2 7dZC5-63 υ 6 υ JUMPER ? Θ 4 Ν 0 78205-63060
Α 4 Ν 3 782G5-ο .ιύδΟ JUMPER 213480 78205-630b0Α 4Νν 13205- ο3060 JUMPER 28480 78205- ο 3060
Α 4 Ν 5 ίθ205-63G6U JUMPE R 23486 78205- ο3060

Α4ω 6 "16205 - ο 30 ο 0 JUMPER 284όύ 7d2 ύ5-e3G6G
Α4Ν 7 78 Ζ U5- ο~060 JUMPE R 28480 782 Λ5-63060
Α4 Ν 8 78205-63060 aU:MP Ε R 284BU 782 Ο5-630 ό 0

Α -` 47310-60140 1 INTcRί ONNECT P .C . ASSEM 9LY (FIG URE ύ -8) 28480 47310-60140

ASJ 1 1251-2025 CONNECTOR-PC EDG E 24-C047/RCN 2-ROWS 71785 252-24-3G-340
22ΟΟ-0147 SCREW-MACH 4-4 ύ .5-1 Ν-LG PAN- ιiD-ΡΟ 2 Τ 284eO ?20υ - ύ 1 4 7
234 ύ-0006 NU T -N ΕΧ-UBL-CRAM 4 - 4 Λ-ΤΗ 0 .044- ΤΗΚ 28480 2340- (ι UU &

Α 5 ΜΡ 1 1251-1115 1 PL 2G KEY-PRINTED CIRCU IT CONN 71765 456-ύ 7 -95-0 υ 3

A5U 1 47310-00140 1 P . ~- . dUARU , oLANK 264δ 0 4731U- ύ 0 Ι+0

Α 6 47e10-63498 1 ACCE SS 11R IE S FOR 47310 Α 2848U 47510-63498

b710-0875 1 S ίΓι tWURIV Ε k GύύύΟ U8U
47310-91998 1

1 FR O(~RΑΜΜιΝΓ LABEL
59313-91999 BINS, πΡΕτεΑ7 Ι rΧ_ AND SERV ICE MANUAL 59313-91999
R 120-1395 1 CABLE ASSEMBLY (8 FT)

1251-3759 4 ADAPTER : ΛΝ C JACK TO 7 ΕιΕΡΙiηΝΕ PLUr. 28480 1251-3759
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Reference HP Part
MfrQty Description Mfr Part NumberDesignation Number Code

OPTION NO .

001 OPTION 0011 FR ON 7 PAN t L , WH I TE)
47310-60010 1 FR 1:Ν 7 PANEL, WHITE ?8480 4731 ύ-cΛύ10

υΕιιΤΕ :
47310-6 ύ 011 FkG N T PANEL , G R A1

OPTION 003 (30' PO W ER C U R D )

003 8120-1900 1 ίΑ h ιΕ , CtE 2 2-Ct E 22 1 6428 O8D
ΟΕι o- ΤΕ :

8 2 - 992 ς C..BLE
ASS .

Mi L Y (6 FT .)
OPTION U G v 123 ύ V JPER AT I ύN)

009 ?110-02"s4 1 FU SE .1 Α 250 V S L ^ -8 L U 1 .25 Χ . ί 5 UL ItC 714 ύ 0 ΜΟι 1 / Ιυ

~tLE TE :
- F-III ί Α 1` ύ V SLU-Y. L O 1 .4'X .25 UL IEC

UP T IU N 030 (3 ύ ' Ν t ΜΑ/ίΕΕ ΥWR
030 8120-199ο 1 LAF LE ASSEΜi L Y, 30', ΝΕΜΑ ΤΟ CEF 16428 08D

D EL tT E :

812 ϋ-1992 ϊΑ :ι L Ε 0.SSc M3 L Y Id FT .)
(iPT IO N 0341PUUN T IN G, HAL - ΜΟ ULE

034 υ78 υ4-OU320 1 LπρΝΝΕ L S7 LP ϊ6480 07804-ν0320
ιί10-υ 1 ύ 2 1 $ίΑεΝ-ΜΑϊΗ κ-32 .30-IN-L G 100 DΕ G 28480 251 υ - υ 1Ο 2
78101-25υ 10 1 ίιΤΡ 28 γ 6 Ο 781 ύ 1-2:O1G
236U-υ0_5 :CnEW-MACH ό-32 ι .1 ί5- IN- ι . ; R U-HO -SL T ι 3460 73 υ0- ύίιΙ 5

ι:ΡΤΙΟΝ U38( έ ' ΡΗΗ :URD,CE E4t-ΕΕ )
038 812 ο-2133 1 LAELE , AC [ έΕ -22 ( 2 .4 ΜtTtRS) 1 ύ428 Ο 80

σΕι l Τε :
612(-1992 LA ηLt ASSt M ϊ L Y 18 FT.)

LIP
T10 N ύ 39(R.ΑίΚ MOUNT FOR

SINGLE ΓηΠΟUL Ε,(bMT PAINT ONLY)

039 47304-00100 1 RACK I N G SPACtR e8480 47~ ύ4- ι. Π10ύ
Ζ36 υ-U117 4 ςC κΕλ - M AC H t-32 .37°-- -1 Ν - L G V A N-H D - PUZI ϊ 8 "ι 80 23 ό0- Οί 1 Ί

σ / ε SC REW S
2 :Ιδ-0049 4 SL KtW- ΜΑ [ Η σ-32 .5 -1* LG PAN -ΗΟ-PJZ I 29480 2~10-ϋϋ4 ν

1/ ϊ SCRtws

47304-2 0 010 2 RALKING tAk 20.4 d 0 47304-10 0 10
ι 19 μ -υ 758 . ι. ρ - .rιέ R - F L MT L L ΝΟ . - Ε .171-IN-ID .S-ΙΝ- Ω G 2 λ 4t: Ο ιί 9ύ -ύι 58
ί510-00~1 4 SC~ EW -ΜΑC Η 6-32 .6ι5-IN- L G PAN-H D -ΥΟΖΙ 2848 ύ ι 510-ύ (ι 51
256 ο-0006 4 NU7-ΗΕΧ -W / LKWRΑ-32-7Η".125- ΓΗΚ 7d1,39 ΚΕΡ511- 061600 -υο

U P 7 I5N Ο 9 υ ((Μ F Wt CORDT---

090 812 ύ-1351 1 ϋΑηL έ Α $S ν ιΤ GΡ - JK ( 284 λ G ?120-1_51
ΟΕ L ΕΤε :

t l2 . -1992 CA Ε LE A SSt M b' ιΥ (8 FT .)
OPTION π92 (IJ EUROPEAN PWR CORD)

092 ο 12 ύ -1ολ 9 1 (.Ad L t ASSY 3-CON(1 ΠΟυ 7 Κ vG2 31 ι

ύειετε :
812G-1992 ~ΑάιΕ ASS F Mu L ν 18 FT .[
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The HP Inter face Bus transfers data and commands between the compo nen ts of an i n strumentation system on 10
sign al lines . The inte rface functions for each system component are per formed within the component so only
pass i ve cabling is needed to connect th e system . The cables connect all instruments, controllers, and othe r
compone nts of th e system i n parallel to t h e signal li n es .

E ig h t of the lines (D I01-D108) are reserved for th e transfer of data and othe r messages i n α byte-se r ial, bit-p a r alle l
ηιαητιe r . Data and message tr a ns fe r is asynchronous, coo r dinated by the three h andshake li n es (DAV, NRFD,
NDAC) . The other five lines are for control of bus activity . Fi gure ΑΙ shows tile lines .

Devices connected to t he bus may be talkers, listeners, or controllers . The contro l le r d i ctates the ru le of each of
tile other devices by settin g the ΑΤΝ (attent ion) l i n e true and sending talk or l i sten add resses oil tile data lines
(DI01-D1OS) . Addr esses a re set i nto each device at t he time of system configuratio n e i t h er by switches built into
the device ιιί by junipers oil α Ρ(' board . While t h e ΑΤΝ l i ne is t rue, all devices must l i ste n to the data lines . When
t he Α " Ι Ν line is false, only devices that have been addressed will actively send o r receive data . All oth ers igno re
t h e data lines .

Several listeners can be active simultaneously b u t only one tal k er call be active at α t ime . Wh eneve r α tal k address
is pu t Oil the data lines (while ΑΤΝ is tru e), all ot he r talke rs will be automatically ιιnaddressed .

Information is transm itted oil the data li nes under sequential con t rol of th e th ree h andsha ke lines . No step in t he
sequence ca n be i n itiated un til the previous step is completed . Information transfe r can proceed as fast as devices
can respond, bu t no faster t h an allowed by (lie sl owest dev i ce presently addressed as active . This perm its seve r al
devices to rece i ve the same message byte concurrently .

The ΑΤΝ line is one of' the five control lines . When ΑΤΝ is true, addresses and universal comm ands are
tran smitted on only se ven of the data li n es using the ASCII code' . W} ι eη ΑΤΝ is false, any code of 8 bits or less
ιι nderstυod by both talke r and listener(s) may be used .

1lι e ether con t rol lines are Ι FΓ , REN, SRQ, ΕΟΙ .

APPENDIX Ι
THE HP I NT ERFAC E BUS

I FC Onte rface clea r ) places tile inte rface system in α known q uiescent state .

Append ix Ι - The HP Interface Bus
Mode l 59313 Α

RΈΝ ( re ιιιο te enable) is used w i th ot her coded messages to select e i ther local or r emote contro l o f each dev ice .

Any active device call set th e SRQ (serv i ce request) line tr u e . Th is ind icates to the controlle r that some device oil
the bus wants atten tion, say α counter that h as just completed α time- in terva l measu rement and wants to t r an smi t
tile reading to α printer .

ΕΟΙ (end or identify) is used by α device (ο i n dicate th e end of α mult ip le-byte t r ans fe r sequence . When α
controlle r sets both tile ΑΤΝ and ΕΟΙ lines tru e, each device capable of α parallel poll ind i cates i ts current statu s
on tile DIO line assigned to it .

In t h e i n terest of cost-effectiveness it is not necessa ry for every device to be capab le o f responding to all t he l i n es .
Each can b e designed to r esp ond only to those lines that are pe r tinent to its function on the b u s .

The operation of the inte rface is generally controlled by one dev ice equ ipped to act as con tro l ler . I t u ses α group
o f comma nds to direct tile othe r inst r uments on th e bus in car ryi ng out th e i r functions of talking and listen ing .

*Ame rica n Standard Code fo r Information Interchange .

Α - Ι - 1
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Α - Ι-2
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Figure A-1. Bus Signal Lines
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The commands se rve severa l d if ferent pu rposes :

Table Α 1 . Command and Address Codes

Appendix Ι - The HP Interface Bus

Model 59313Α

The control ler has two ways of sending interface messages. Multiline messages, which cannot exi st concu rren t ly
with other multiline messages, are sent over the eight data lines and the three transfer-bus lines. Uniline messages
are transferred over tile five individual lines of the management bu s.

(1)

	

Addr esses, or talk and liste n commands, select the inst ruments t hat will transm it and accept data .
They are all multi l in e messages .

(?)

	

Universal cοm ηταιτds cause every instrument equipped to do so to perform α specific inte rf ace
operation. They i n clude multil ine messages and three uniline commands, i n te rface clea r (IFC), remote enable
(REN), a nd attention (ATN).

(3)

	

Addressed commands are similar to universal commands, except th at they affect only those
devices t hat are add ressed and are all multiline comm ands. An instrument responds to an addressed comma nd ,
however, only after an address has already told it to be α talker or listener .

(4)

	

Secοιτdαrv commands are mu ltiline messages that are always used in series with an address,
universal command, or addressed command (also referred to as primary comm ands) to form α longer version of
each. Th us they exten d the code space when necessary.

To ad d ress an in st rument, the controlle r uses seven of the eight data-bus lines. This allows inst ruments using the
ASCII 7-bit code to act as controllers . As shown in Table Al , five data bits are avail able for addresses, so α total
o f 31 add resses is available in one byte . If all secondary comm ands are used to extend this into α two-byte
addressing capab il ity, 961 addresses become available (31 addresses in the second byte for each of the 31 in the
fi rst byte).

Code Form Meaning

Χ 0 0 Α5 Α4 Α3 ΑΖ Α 1 Universal Co mma nd s

Χ 0 1 Α5 Α4 Α3 ΑΖ Α 1 L iste n Addresses

except

Χ 0 1 1 1 1 1 1 Un listen Command
Χ 1 0 Α5 Α4 Α 3 ΑΖ Α 1 Tal k Addresses

exce pt

Χ 1 0 1 1 1 1 1 Un talk Comman d
Χ 1 1 Α 5 Α4 Α3 ΑΖ Α 1 Secondary Command s

except

Χ 1 1 1 1 1 1 1 Ignored

(Code used when attention ( ΑΤΝ ) is t rue οπω )
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BIT 1

	

= LEAST SIG N I F ICA NT BIT .
BIT 11 = MOST SIGN I F ICANT BIT = SIG N BIT

Ι = ΗΙ = TRUE

0 = LO = FALSE

ΝΟΤΕ 2 : * = mu lti p l y .

Ν is the decimal number desired

APPENDIX 11
CONVER SION TECHN IQUES

Appendix ΙΙ - Convers ion Techniques
Mode l 59313Α

Α .

	

TWO'S COMPLEMENT B INARY TO D ECIMA L AND DECIMA L TO TWO'S COMPLEMENT B INARY
CONVERSIO N .

Data on the bus lines is sent LO = TRUE ; h oweve r , fo r t h is discussion the convention will be :

Β .

	

CONVERTI NG THE TWO'S COMPLEMENT OUTPUT TO DECIMAL .

1 .

	

Examine sign bit (B it 11) .

If α zero, t hen go to Step _' .

I f α one, th en go to Step 3 .

2 .

	

Convert the string of ones and ze ros to α decimal number using t he fol lowing fo rmula : (Note 1 )

Ν = ( 1 *BIT 1)+(2* ΒΙΤ 2)+(4* ΒΙΤ 3)+(8* ΒΙΤ 4)+(16* ΒΙΤ 5)+(32* ΒΙΤ 6)+

(64 * BIT 7) +(128* BIT 8) +(256=

	

BIT 9) + (512 * BIT 10)

3 .

	

Conver t t h e st r i n g of ones and ze ros to α decimal numb e r using t h e following formula : (N otes Ι , ')

Ν = [-11 +

	

[1 * (BIT 1 -1) 1 + [2 * (B IT 2 -1) 1 + [4 * (BIT 3-1) 1 + [8 * (B IT 4-1) 1 +

[16 * (BIT 5 -1) 1 + (32 * (BIT 6 -1) 1 + [64 * (BIT 7 -1) 1 + [128 - (BIT 8 -1) 1 +

[256 * (BIT 9 -1) 1 + [512 * (BIT 10 -1) 1

Ν is the decimal number desired .

NOTE Ι : \There t h e fo rmula calls fo r α b it numeral (#), e .g ., B it 4, insert t h e value of t h at b it, 0 or Ι , and use t h at value
as α decimal numb e r for the calculation .

Α - Ι Ι - 1

59313Α OUTPUT

Bus Data L i nes - D108 D107 D106 D105 D104 D103 D102 D101

1ST ΒΥΤΕ - BIT 11 BIT 11 BIT 11 BIT 11 BIT 11 BIT 11 BIT 10 BIT 9

Ι 2ND ΒΥΤΕ- BIT 8 BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1
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C.

	

CO NVERTI NG D ECIMAL TO TWO'S COMPLEMENT :

Ν = Decimal number to b e converted (-1024 to +1023) .

1 .

	

If Ν is positive or zero : Go to Step 2.

If Ν is negat ive : Add -1 to Ν; Compleme nt (change 1 to 0 and 0 to 1) ; all 1 and 0 obtained in Step 2 ; Go
to Step 2.

2.

	

Bit 11 = 0.

(α)	Compare number with Ν .

3.

	

Assem b le all 1 and 0 with b it 1 1 at l eft and b it 1 at right .

For each number in the chart, startin g with 512 and going in o rde r ,
perform the fo llowing steps :

(b)

	

If number is greate r than Ν, then that b it = 0; use unchanged
Ν fo r next step; go to (α).

(c)

	

If n umber is equal o r less than Ν, then that b i t = 1 ; also
sub tract number from Ν and use the resul t for the next step;
go to (α).

Numb er B it

512 10

256 9

128 8

64 7

32 6

16 5

8 4

4 3

2

1

2

1



APPENDIX III
47310Α ΜΕΤΑ MESSAGE INFORMATION

Appendix III - 59313Α ΜΕΤΑ Message Informat ion
Model 59313Α

59313Α INTERFACE FUNCTIONS

MNEMONIC INTERFACE FUNCTION NAME
SH SOURCE HANDSHAKE

ΑΗ ACC EPTOR HA NDSHA KE

Τ TA LKER

L LISTENER

SR SERV IC E REQUEST
DC D EVICE CLEA R

ΜΕΤΑ MESSAGES THE 59313Α RECEIVES

ΜΕΤΑ MESSAGE 59313Α RESPONSE

DATA PROGRAMMING USING 59313Α CONTROL CHARACTER SET
CLEAR CLEARS 59313Α

STATUS BYTE STANDARD BIT 7 STATUS
ABORT STANDARD RESPONSE

ΜΕΤΑ MESSAGES THE 59313Α SENDS

ΜΕΤΑ MESSAGE MESSAGE

DATA

REQUIRE SERVICE

Α TO D CONVERTER OUTPUT IN 2 B YTES

OUTPUT READY



Appendix III - 59313Α ΜΕΤΑ Message Informat ion
Model 59313Α

Α-ΙΙΙ-2

NOT ES



(AMERICAN STANDARD CODE FOR I NF ORMATION INTER CHANGE)

ADDRE SS MODE

DATA MODE

	

NOT US ED

ASCII CODES

UN IVER SA L UNL ISTEN
CO MM A NDS CO MMA N D

L ISTEN

Appendix IV - Hew lett Packard Interface Bu s Code Set
Model 59313Α

APPEN DIX I V
HEWLETT-PAC KARD I NTERFAC E BUS CODE SET

TA LK

UN TA LK NOT
COMM A N D US E D

ADDRE SS ADD RE SS

EXCEPT

	

ALL DATA

	

NOT
CR, LF AS

	

USE D
WORD T ERM I N ATO RS

Α- 1 V-1

BITS
b, -@-
b,,i
b S - .w-

0 0 0 0 0 1 0 1 0 0 1 1 1 0 0 1 0 1 1 10 11 1

b, b; b,COLUMN-b,
-/ROW 0 1 2 3 4 5 6 7

0 0 0 0 0 NUL DLE Ρ

0 0 0 1 1 SO N DC1 Ι ! 1 Ι α μ

0 0 1 0 2 STX DC2 ΙΙΙ " 2 ~© Ι b r

0 0 1 1 3 ΕΤΧ DC3 Ι = 3

0 1 0 0 4 ΕΟΤ DC4 Ι $ 4 Ι, c1 τ

0 1 0 1 5 ENQ ΝΑΚ Ι 9ο 5 e ιι

0 1 1 0 6 AC K SY N -Ι & 6
JIM©Ιι

f ν

0 1 1 1 7 BEL ΕΤΒ Ι ' 7 JIM©Ι', 9 νν

1 0 0 0 3 B S CA N
Ι

( 8 JIM

1 0 0 1 9 HT EM
Ι

) 9
-JIM y

1 Ι 0 1 0 10 LF S UB

1 0 1 1 11 VT ESC Ι + , JIM k

1 1 0 0 12 FF FS < JIM IF

1 1 0 1 ι 13 C R GS Ι - JIM I

1 1 1 0 14 SO RS

, , , , 15 S I US D Ε L



Append ix IV- Hewlett Packard Interface Bus Code Set
Mode l 59313Α

NOTES



HEWLETT
a
li! PACKARD

SALES & SERVICE OFFICES
UN ITED STATES

CA NADA

CENTRAL AND SOUTH AMERICA

ALABAMA 9606 Aero Drive ILLI NOIS MASSACHUSETTS 156 Drive 330 P rogress Rd Ρ . Ο . Box 274098290 WΛitesburq Dr., $. Ε . Ρ .Ο . Box 23333 5500 Howard Street 32 Hartwell Ave . Las well.".es 88001 Dayton 45449 6300 Westpark DriveΡ Ο . Βοχ 4207 San DΙρ
0
92123 Skokle 60076 Lex1 η g1οη 02173 Tel. (505) 526-2485 Tel (513) 859-8202 Suite 100Huntsvllle 35802 Tel (714) 279-3200 Tel . (312) 677-0400 Tel : 1617) 861-8960 TWX910-983-0550 TWX: 810-474-2818 Houston 77027Tel (205) 88 1-4591

TW% : 810-726-2204
TWX 910-223-3613 TWX. 710-326-6904

NEW YORK 1041 Kungsmull Parkway Tel ι (713) 781-6000

M edical Only
COLORADO
5600 South Ulster Parkway 'St. Jowph MIC HIGAN 6 Αυ tοmα tίοπ Lane Columbus 43229 TWX 910-881-2645

228 W. Valley Ave . . Εrv1fωοοd 80110 Tel . (217 ) 469-2133 23855 Researc h Drive Computer Park Tel: (614) 436-1041 205 Billy Mitc hell Road
Room 220
Birmf

Tel (303) 771-3455 ΙΝΟΙΑΝΑ Ferml cl ΗΙΙΙι 48024
Tel . (3476-6400

Albany 12205
Τ
`1
.(518) 458-1550

OKLAHOMA
San Antonio 78226
Tel 1 512) 434-8241ham 35209

Tel : (2ό?) 942-2081 CONNECTICUT 7301 North Shadeland Ave.
ΙιιdΙeηα 1Ι, 46250 ΤωΧ 81 -242-2900 TWX . 710-441-8270 Ρ 0. Box 32008 TWX 910-871-1170

12 Lunar Drive
ο Oklahoma City 73132

A RIZONA New Haven 06525
Tel (317842-1000 M INNESOTA

No
ω York Chy Tel- (405 721-0200 U TAH

2336 Ε . Μα πσΙία St . ΤeΓ (203) 389-6551
TWX- 81 -260-1796 2400 Ν . P rior Ave . Μαη hαπαπ .

Bronx TWX
91 -830-6862 2160 Sout h 3270 West Street

Phosnl χ 8034 7WΧι 710-465-2029
Roseville 55113 Contact Paramus, NJ Of fice Salt Lake City 84119

Tel : (602) 244-1361
IOWA Tel (6121 636-0700 Telι (201) 265-5000 OREGON Tel (801) 487-0715

2424 East Α rα
8570

οπ Rd .
FL ORIDA
Ρ 0 Box 24210

1902 B roadway
Icons City 52240

TWX 91 -563-3734 Brooklyn, Queens, Richmond
Contact Woodbuη, NY Off ice

17890 5ω Lower Boones
Ferry Road

V IRGI NIA
Tucson

2806 W. Oakland Park Blvd . Tel : (319) 338-9466 MISSISSIPPI Tel: (516) 921-0300 Medical Only
Tel : (602) 294-3148 Ft. Lauderdale 33307 Ν ght :(319) 338-9467 Jac kson

201 South Avenue
Tualetin 97062
Tel 620-3350

Ρ 0. Box 12778
No . 7

'A RK ANSAS Tel (305) 731-2020
Medical Service cuff ΡουQhkespsle 12601

(503) Koger Exec . Center
Suite 212

Medial Service Only ΤWΧ : 51 -955-4099 'KANSAS
Derby

71 :(601) 982-9363 ΤeΙι (914) 454-7330 PENN SYLVANIA Norfolk 23502
Ρ.Ο Box 5646 'Jac ksonville Tai (116) 267-3655 MISSO UR I TWX . 510-248-0012 111 Zeta Drive Tel . (804) 497-1026/7
Brady Station Medial Service on 11131 Colorado Ave 39 Sαρίπαω Drive Pittsburgh 15238

Ρ 0 Box 9854Little Rock 72205 Tel ι (904) 725-6333 KENTUCKY Kansas City 64137 R ochester 14623
Tel ι (412) 782-0400

2914 Hungary Springs RoadTel : )501) 664-8773 Ρ . Ο . Box 13910 M edical/Calculator
ΑΙkίπ sση

Only Tel
TWX:

(816 1 763-8000
910-771-2087

Tel (7 ι 6) 473-9500
Νι gh Γ. 782-0401
7WΧ . 710-795-3124 Richmond 23228

CALIFORNIA 6177 Lake Ellenor Dr . Square
3901

TWX 51 -253-5981 Tel (804) 285-3431
1430 East Οιαη ethorpe Ave. Orlando 32809

At kinson Dr .,
Suite 207 148 Weldon Parkway 5858 East ΜοΙΙσγ Road 1021 8th Avenue TWX 71 0-956- 0157

Fullortoη 9261 Tel ι (305) 859-2900 L ouisville 40218 Maryland Heights 63043 Syracuse 13211 King of P russia Industrial Park
or Prussia 19406 WASHINGTONTel : (714) 870-1000 ΤWΜ . 810-850-0311 Tel ι (502) 456-1573

Tel 1 314) 567-1455 ΤeΙι (315) 455-2486 King
Tel ι 265-7000

Ρ 0. Box 12826 TWX: 910-764-0830 ΤWΧι 710-541-0482 (215) Belletleld Office Pk
3939 Lankersnim BoulevardNorth ΗοΙΙyωοσd 91604 Ρ e παικοΙα 32575 LOUISIANA NEBR ASKA 1 Crossways Park West

TWX 510-660-2670 1203 114th Ave. S Ε .Bellevue 98004
Tel ι (213) 877-1282 Tel (904) 434-3081 Ρ 0 Box 840 Medial ΟιιΙy Woodbury 11797 SOUTH CAROLINA Tel (206) 454-3971
ΤWΧι 910-499-2170 GEORGIA

3239 Williams Boulevard 7171 Merry ε οοd Telι (516) 921-0300 6941-0 Ν Trennolm Road TWX 910-443-2446
6305 Arizona Place Ρ . Ο . Box 105005

Kenner 70062
Tel :(504) 721-6201

Suite 110 Τ W Χι 710-990-4951 Columbia 29260
Tel ιLos Angel" 90045 Atlanta 30348 TWX : 810-955-5524

Omaha 68106 -
Tel : (402) 392-0948 NORTH CAROLINA

(803) 782-6493 'WEST VIRGINIA
Medical/Analytical OnlyTef (21 649-2511 Tel (404) 434-4000 Ρ 0 Box 5188 TENNE SS EE CharlestonΤWΧ : 910-328-6147 TWX810-766-4890 MARYLAND NEW JERSEY 1923 Nort h Main Street 'Memph is Tel ι (304) 345-1640'Llo s Angeles Medical Service Only 6707 Wh itestone Roa d W. 120 Century Rd. High Point 27262 Medical Service only

Tel : (213) 776-7500 'Au s 30903 Baltimore 21207 P aramus 07652 Tel. (919) 88 5-8101 Tel ι (901) 274-7472 WISCONSI N
3003 Scott B oulevard Tel. 14'04')8736-0592 Tel ι (301 944-5400

7WΧι 71 862-9157 Tel (201) 265-5000 TWX: 510-926-1516 'Nashville 9004 West Lincoln Ave.
Santa Clarα 95050 HAWAII 2 Choke Cherry Road

TWX: 710-990-4951 OHIO Medial Service only West Allis 53227
Tel (4 ι 4) 541-0550

Tel (408) 249-7000 2875 5ο . Κιη $ΙΓΕΝ Rockville 20850 NEW MEXICO 16500 Sprague Road Tel : (615) 244-5448

ΤWΧι 910-338-0518 Ηοηol υΙυ 96ρβ14 Tel (301) 948-6370 Ρ . Ο. Box 11634 Cleveland 44130 TEXAS FORU.S. AREAS NOT LISTED:
'RW est Tel 808) 955-4455 TW% : 710-828-9684 5Ιαtιοπ Ε Tel (216) 243-7300 Ρ 0. Box 1270 Contact the regional office
Tel : (~ 446-6165 11300 Lomas Blvd ., WE ΤWΜ : 810-423-9431 201 Ε . Arapaho Rd nearest you . Atlanta . Georgia . . .
2220 Watt Ανe

Albuquerque 87123 R ic hardson 75080 North Hollywood . California
Sacrsmsnto 95825 Tel . (505) 292-1330 Tel ι (214) 231-6101 Rockville, Maryland Skokie,
Tel (916) 482-1463 ΤWΧι 910-989-1185 ΤWΜ : 910-867-4723 Illinois Their complete

addresses are listed above

'Ssrvice Only

ARGENTINA Hewlett- Packard Do B rasil Medical Only ECUADOR MEXICO PARAGUAY URUGUAYHewlett-Packard Argentina ι . Ε .C . ιtαα . General Machinery Co . . Lida . Me dical Only Hewlett- Packard Mexicana . Ζ .J . Melamed $. R.L P a blo Ferrando S Α .S .A .C e Ι
ιαναιι e 1171-3' Ρίsο

Praca Dom F εΙιείαπο. 78-θ' Paraguay 494 A.F . Viscalno ComlLtda . $.Α . de C.V . Division ι Αραιαtστ y Ερυιρσ s Comercιa ι e Industrialαπd αι (Sala 806/Θ ) Casίlla 13910 Αν . Rio Amazonas No . 239 Torres Adalid No . 21, 11` Ρί S ο M ed ί cos Αν eπι dα Italia 2877θυ sηοι Airs*
Tel: 35-0436 . 35-034135-0627,

90000- Ρθrt ο Alpre-RS Santiago Ρ . Ο . Box 2925 Col . del Valle Division ι Aparatos y Equ ι pos Casilla d e Correo 370
Telex ι

Tel 25-84- 70 -DDD (0512) Tel : 31123, 31124 Quito Mexico 12. D F Cientlticos d e MontevideoP u blic Booth No 9 Ca b le ι HEWPAC K Ρύπσ Alegre Cable : GEM CO Santiago Tel 527-088,527-804 ΤαΙ : (905) 54342-32 γ Investigacίdn
Tel 40-3102Cable: HEWP ACK ARG

Hewlett-Packard Do Brasil COLOMBIA
Ca ble. ASTOR Quito Telex : 017-74-507 Ρ . Ο . Box 676

Chile-482 . Edif icίo Victoria Cable ι RADIUM Montevideo
BOLIVIA
Stam buk δ Mark ( Bolivia) Lida .

LE .C . L τda. Ιπτt ιυ meπΓαcι6π Co lculators Only Hewlett-Packard Μe χίεαπα . Asuncidn VENEZUELA
Αν . M ariscal, Santa Cruz 1342

Rua Sιqueira Campos . 53, 4° H enri kΑ
7

Lange bae k δ Kier S.A . Comp
ιtrdni

utadoras y Εgυιροτ 5. Α . de C .V .
Ave . Cοπ Sl ί [υει6π No . 2184

Tel . 4-5069. 4-6272 Hewlett- Packard de Venezuela
L. P.

an dar-Copacabano Carrera No. 48-75 Elecos Ca ble -. RAMEL CA

Tel :
20000-Rio do Janeiro-GB Apartado Aρ reo 6287 Ρ.Ο . Box 2695 Monterrey . N L

PERU Apartado 50933 . Caracas 105
40626, 53163, 52421

Telex :
Tel. 257 - 80- 94 -DDD (021

HEω~-BR
θφοtς Ι Ο . Ε . Avda. 12 De Octubre No . 2207 Tel:48-71-32 . 48-71-84 Εd i f icio Segre3560014 Telex : 391-212-1905 Tel 69-88-77 Quito Telex : 038-843 Comparla E lectro Mρdica S.Α . Tartan TransversalCable : BUKM AR Cable HEWPACK Cable AARIS Boll Tel. 233869, 236783 NICARAGUA

Los F lamencos 145
San Casilla 1030Isidro

Los Hurdles Νοιte
BRAZIL Rio de Janeiro Telex : 044-400 Telex : 02-2113 Sag ί ta Ed Roberto Τ erλπ G Lima 1 Caracas 107
Hewlett-Packard Do B rasil CHILE Cable: Sagitra-Quito Αραηαd ο Postal 689 Tel 413485 Tel 35- σΙ-07, 35-00-84 .
LEC Li da Calcagn ί y Metcalfe Ltda . COSTA R ICA

Cientifica Costarricenτe S A EL SALVADOR Edificio Τeιαπ Ca ble : ELMED Lima 35-00-65, 35-00-31
Rua Frei Caneca. 1140/52 ΘΝα Vista Alameda 580-01 . 807 Calle ΙΡΕ 5 Α Managua Telex ι 25146 HEWPACK
01307-SboPaulo-SP Casίlla 2118 Central . Avenί das 1 y3 Tel 25114 . 23412.23454 PUER TO RICO Ca ble HEWP AC K Caracas
Tel . 288-71-11 . 287-81-20, Santiago, 1 Apartado 10159 8ulevar de Ιοτ Heroes ΙΙ -48 Cable ι R OTER AN Managua Hewlett-Pac kar d Inter-Americas

287-61-93 Τ eΙι 398613 San J ose San Salvador Puerto Rico Branch Office
Telex: 391-112-3602 HPBR-BR 7~1~κ . 350001 CALV ET Tel 21-86-13 Tel : 252787 PANAMA Ρ . Ο . Box 29081 FOR A REAS NOT LISTED, CONTACT:
Ca ble : HEWPAC K Silo Paulo Cable. CALVET Santiago Cable GALGUR San Jose GUATEMALA Electr dmco Balboa, 5. Α . 65th Inf. Station Hewlett- Packard

IPESA Ρ. Ο . Box 4929 San Juan 00929 Inter-Americas

Ανe πίd α La Reforma 3-48,
Calle Samuel Lewis Calle 272, Urb Country Club 3200 H illv ί ew Ave .

Ζσπα 9 Culded de Peηeme Carolina 00639 Palo Alto . California 94304
Guatemala City

Tel . 64-2700 Tel (809) 762-7355 ι745517655 Tel ι (415) 493-1501
TWX

Tel . 63627, 64786
Telex. 3431 103 Curunda . Telexι 3450514 910-373-1260

Cable. HEWPAC K Palo AltoTelex ι 4192 Teι etro Gu Cαπαι Zone
Cable. ELECT RON Panama Telex ι 034-8300. 034.8493

ALBERTA BRITIS H COLUMB IA MANITOBA NOVA SCOTIA ONTARIO QUEBEC Hewlett-Packard (Canada) Ltd .Hewlett-Packard (Canada) Ltd . Hewlett-Packard (Canada) Ltd Hewlett-Packard (Canada) L td . Hewlett-Packard (Canada) Ltd . Hewlett-Packard (Canadal Ltd . Hewlett-Packard (Canada) Ltd . 2376 Galvani Street11748 Kingsway Ave. 837 Ε . Cordova Street 513 Century St. ΒΟΟ Windmill Road 1785 Woo dward Or 275 Hymus Blvd 61 Ν 4134Εdmοη tοπ TSG ΟΜ 5 Vancouver V6A 3R2 St James Ρ . Ο . Box 931 Ottawa K2C ΟΡ9 Pointe Claire H9R IG7 Tel
Ste-Fog

(4181 688-8710
Tel (403) 452-3670 Tel ι (604) 254-0531 WΙππΙ R311 OLB Dartmout h Β2Υ 3Ζ6 Tel (613) 225-6530 Tel (514) 697-4232 ΤWΧι 610 -571-5525ΤWΧ : 610-831-2431 EDT H TWX : 610-922-5059 VCR Tel ι (284)

φ
786-7581 Tel (902) 469-7820 7WΧ : 610-562-8968 TWX 610-422-3022

Hewlett- Pac k ard (Canada) Lt d . TWX: 610-671-3531 TWX 610-271-4482 HFX H ewlett- Pac kard (Canada) Hit TLM:05-821521 HPCL FOR CANADIAN AREAS NOT L ISTED:915-42 Avenue S . Ε . Suite 102 6877 Goreway Drive Contact Hewlett-Packard (Canada)
Calgary T2G 1Ζ1 ΜΙπΙsααυgα L4V 119 Ltd in M ississauga .
Tel . (403) 287-1672 Tel : (416) 678-9430ΤWΜ : 610-821-6141 ΤWΧι 610-492-4246



EUROPE
AUSTRIA HewIe Φ Packard France Η e ωΙ¢η -Packar0 GmpH IRAN LU%E MB URG Hewlett- Ρα [karo E spadola . 5. Α U NITE D K INGDOM
Hewlett- Packar0 Ges mb Μ. Agence R ρgισπαΙe 7eεηπιτεΛes 8uera Μαππονer Hewlett-Pack aro Ιrαπ Ltd . HewIet h Packdrd Β ¢ π¢Ιυκ Mllanesaoo 2t-23 HewIett~P ackaro L td .
Hand elska 52 ί 3 gΑιαροπ ρ r ιπειραΙ de Μ¢IlenOoder Strasse 3 Μιι -Emad Avenue $ Α ίΝ ~ Ε -Barcelone 17 Κιπg Street L ane
Ρ0 Θσχ 7 Marseιlle-Marignane 0-3000 Hsnnover- Kleefeld 14(Λ Street Νσ 19 Αναπυα αυ Col-Vert. 1, Τ¢Ιι (3) 203 6200 15 lines) G8-Winnarsh . Wok~npham
Α -1205 Vbππα F-13721Merlgnane Tei 10511) 55 60 46 IR-Tehran (GrOen kraaglaan) 7elex~ 52603 Λρσ e e Barks RGtt 5AR
7eΙι 10222) 35 16 21 Ια 32 Tel (911 89 12 36 Telex ι 092 3259 Tel . 85 10 θ2ίθ 6 8-1170 Brussels Hewlett-Packard ΕτραπσΙα , S Α Tel 10734) 78 47 74
Ca01e- HEWPAK Vιe ππd Caο le HEWPACK MARGN HewIet4Packard GmDH IRELAND

Tel . 1021 672 22 40 Αν Ram σn y Calal 1-9 Cable Hewpie Lοπαοη
Telex ι 75923 πeωρα4 α Telex 410774f

Tecnnιscnes Buero Nuremoerg Hewlett-Pac k ard L td
Cable PALOBEN Brussels (EOifι Cio $eνιΙΙα Ιι Teι ex 8471789

BELGIUM Hewlett-Packard ~rαπ [α Neumeyer $Ιι 90 K ing Street Lαπα
Τα l ακ 23 494 Ε-5σν1Ι 1α 5

Hewlett-Pacκaro Benelux Agence R¢g~onale D-8500 N uranlDSr g ~ιηηαι 5 π . Wok~ngham NE THER LANDS Tel : 64 44 54 58 ΗewIett~Packar0 Ltd

SA :NV 63 . Avenue σα R ocnester 7eι . 109111 56 30 83/85
GB~BerksΛlre RG11 5AR Mewl¢tt-P ac kard Θ¢πeΙυκ N .V M ewleη-PaCkarσ es απσΙα $.Α

The Grattons"
Avenue σ e CofVen, 7 . F -35000 Rσηπσs Telex 0623 860

7e f 107341 78 47 74 Vαπ Η¢υν e π GοeσΛαR Ιααπ 121 Edilicιo ΑΙ 6ια ΙΙ Τ ~
Stamford New RoaO

Grοen k raaglaanl Tel (991 3~ 33 21 HewIett~Packarσ GmDH Telex. 847178/848179 Ρ 0 Βαχ fi67 Ε-BIIDeo
G8-Altrineham

~ -1170 Bruαsels Cable HEWPACK 74912 Τeεππιτεπeτ θυ e ισ Μϋπε heπ NL~ Amat Nvean 1134 ΤeΙι 23 83 06/23 θ2 Ofi
ChesΛ~re ~Α 14 IDJ

Tel . 1021 672 22 40 Telex 740912 Unterh ac hιnger Strasse ΖΘ
ITALY

Tef. (020) 47 20 21
ΤeΓ 10611 928 9021

CaDle ι ΡΑ L ΟΘΕΝ Bru5 5e15 M ewIet4 P ackar~ F rance ISAR Center Hewle η-P ac k ard Ι ~αΙιαπα S.p.A. Cahle . PALOBEN Amsteroam
Calculators ΟπΙγ CaDle Hewpie Manchester

Tele κ . 23 494 ραισ be π Dru Ag¢πί¢ R ρ9ιοπαΙα D-80 ι2 Ottobrunn Casella postal¢ 3645
Te1eκ 13 216 hep a ηΙ

Hewlett-Pack ard ΕSραπσΙα S Α

Gιαπ

Telex 668068

74 ΑΙΙρα σ¢ Ια R~D¢ π5αυ Tel . 10891 601 30 61 .7
τe ι

-20124 ΜΙΙαηο Vια F eιπαπαο ΕΙ Catdlι co . 67

DENMARK
f-67000 Strasbourg Tele κ 52 49 85 121 6251 110 Ιιπα~1 NORWAY Ε-Velen εle-8 H ewlett-Packar0 Ltd

H ewleη-Packaro Α 5 Tel ΙΘΘ1 35 23 2021 CaDle HEWPACKSA Μύπε he π C αDlα ΗΕ ~ ΡΑ C ΚΙ7 ΜιΙαπσ Hewle η-Packar σ Norge 0.5
ΤeΓ 326 67 28326 Θα 55 Lygan Cσυη

Datavel 52 Ταlακ 890141 Telez Λ524985 Telex 3204 Να ~ναιαπ ι3 SWEDEN Dudley Roao

ΟΚ -3460 Birkerad
TeI

Cable. HEWPACK S7RBG (West ΒσιΙΙπ) Hewlett-P ac kar σ ΙιαΙιαπα $.ρ. Α. θοκ 149 Hewleη-Pack ard Sverige ΑΘ
GB -Ηαlsαοωσπ , Worcs
Τeιι 550 7053

οαηιe
(02 81

ε~εωααοκ
6fi 60

as Μ¢οι cαΙ'Calculator ΟπΙ y Hewlett-Packdlo GmDH V la Pι etro M aroncelli 4Ο Ν-1344 Maslum Enignetsvggen 3
10211

Telex ι Ι021Ι 550 7273
Τ¢ Ι e χι 166 40 hpas H ewlett-Ραεkαισ France Techn~sches Buero Berlin ( απg. V ia V isentin) Tel (021 53 83 60 Fack

Hewlett-Pack aro 475
Agence R ΑgιοπαΙ¢ Keith Strasse 2-d Ι -35100 Pedovs

TeI
Telex 16621 hρπα~ π S-16 ι 20 Bromms 20 Hewleη-Packard Ltd .

Navervel 1 Centre Vauban
201. rue Colbert

D-1000 Berlin 30
Τ e ι 10301 24 90 θ 6

1491 66 4θ θθ
Τ e ι eκ 320d6 νια ΜιΙαπο POLAND

7eΙι ΙΟ81 730 05 50
Ca hle MEAS UREMEN TS

4~ π F loar

DN -86Ο0 Sllkeborg Entree Α2 Telex 18 3405 πρD Ιπ d Μ eοιεαΙ σπΙy BIURO INFORMACJI TECHNICZNEJ Stockh olm
WeOge House
799, L οησση RoaO7el ι 06ι 82 71 66

Τ e Ι eκι 166 40 πρατ
F-59000 L llle Hewl¢tt-Packar σ ΙΙdΙιαπα S ρ Α . ΜαωΙ¢η-Ρα[kard

U1 Stawk~ 2 6 Ρ
Teleκ . 1072t

GB- ΤΛΟ r η~οη Ηαππ CRd 6XL
Cah le . HEWPACK qS

Tel (20) 57 44 14 G REECE
Kostas Kara

Vια d Αg πια rd ι , 7
00-950ωσι sαω Hewlett-Packar0 Sver ι qe ΑΒ Surrey

Telex 820744
αππιs

1 θ Ermou S~treet
Ι -Sfi10 p Ριισ

Tel 39 67 43
Frotallsgatan 30 Tel 101) 684 0103/0105FINLAND

GR -ΑtΛσηα 126
Τ eΙι (050) 2 32 04
Telex: 32046

Telex. 81 24 53 hep a ρΙ
5-421 32 Vsatra Frolunde Ταιαχ . 946825

Hewleη-Pac k arσ ΟΥ G ERMAN FEDERAL REPUBLIC 7e f 3237731
νια ΜιΙαησ Tef.1 Λ31) 49 09 50

Ναh 4 αhου 5υπ 1 Ι ¢ 5 M ewIett~ P ackar~ GmOΗ Caο le RAKAR Αt Λαπs
Hewlett-P ac kar d 5. ρ Α. POR TUGAL Τ¢lex~ 10721 Via Bromma OΓflce Hewlett-Pac k arσ L to .

Ρ 0 θοχ 6
Ve m~eb~~entrale ~rαπΜυπ Telex 21 59 62 rkar gr Via 6 . Armelllnι 10 Teled ra-Empresa ΤΕεηιεα 0¢ υο Makro

$ χ -00211 Ηα1αΙπ k Ι 21 Bernersrrasse 117 Ι -00143 Rοπιr Ευι Ερυιραme πιοτ Elec[ricos $ a .r Ι SWITZERLA ND 5συΙπ Service Wholesale Centre
Te f 6923031

Cable HEWPgCKDV ΗαΙτιπ k ι
Ροτηαεπ 560 140

ΑπαΙ γ tιεαΙ ΟηΙγ
INTE CO~ G Pap atnanassiau 8 Co

7e ι (061 54 69 6Ι Rua Rοσιι μο 0α Fonseu 103
Ρ 0 Boz 2531

Hewlett-Packaro
2 δ
5c ηωeιι) AG

Wear InOustrial Estate
~ατπιηg~ οπ

Telex - 12-7563
D-6000 Frankfurt 56 Μαr ιηι 17

Telex . 61514
Cahle ι HEWPACNIT Roma Ρ-LISDOn 1

τϋ rεη er τΙrαςτ e GB-Νιω 7οωη . Cουπη Du~n~m

FR ANCE
Τeι . 106111 50 04-7
Cable HEWPACKSΑ Frankfun

GR - Α[ Ιιαπα 103
Η¢ωΙ e η-Packard Italiana $ . ρ . Α . Τ eΙι 1191 68 60 72

Ρ .Ο . θοχ 307
CH -8952 S εΛΙι e ι¢π ΖυιΙdι

Tel Washington 464001 αιπ . 57/58

Hewlett- Ραε k αισ france Ταlακ . D4 13249 hpFFmd
ΤeΓ 521 9ι5
CαΟΙ e ι ΙΝΤΕΚΝΙΚΑ Vια Sαπ Ουιπιιηο , 46 CaDle~ 7ELEC7RA Lisbon τ¢ Γ ια 11 se 1 α 21

Ouartier de CσurtaDOeuf Hewlett- P ackard GmbH Τ e Ι eκι 21 5329 ΙΝΤΕ GR Ι -10121 7 υ r Ιπο Teιex . 12598 Cable ι HPAG CH
Hewlett-Pac k ard L tO .'5 registered

Θσιt¢ Postale Νο . 6 Tecηnι sc h es Buera Bob llngen
7ef 53 Θ2 64754 θ4 68 Mun dinter Telex 53933 h pag εh

address for V . Α . Τ . purposes

F-91401 Orae y Herrenb erq erstrasse 13Λ
Medical ΟηΙγ
Technomed Hellas Ltd .

Telex . 320as νια ΜιΙαπσ InteramDlo ΜυπσΙαΙ 0e Comercι o
Sar ι Hewlett-Packard (SCnweizl AG

οπΙγ

70. ~ιπ ~hυη Ρανα m απ~
Te f Ί 11 907 78 25
C αΟΙ¢ ι

D-7030 Βο bΙΙπ g en . Wú memberg
52 Skou fa Street

ΜeσιεαfC αΙευιαισrτ Οπιγ
Αν Α ρ σ ¢ Agular 138

9 . Chem ι n Lσυι S-Pιctet GΒ-LΟπσοη. ΕC2ΑΙSΧΗΕ W ΡΑ [ κ Orsay
Τe Ι ¢χι 6000d8

τeι Ι0703 ιι 6fi7-ι GR - ΑΙπsπα 135
Hewlett- Packar σ ΙΙαΙιαηα S ρ Α .

Ρ 0 θοχ 2767
CH -121 4 V¢ιπιe Γ -Ganava Reg~stere~ Νο 690597CaD ι e ΗΕΡΑΚ Βο DΙιπ geπ TeI 626 972 .663 930 .614 959

Vια Ρ rιηειρ ¢ ΝιεοΙα 43 G7C Ρ - ι lα D οπ
7eI:1022' 41 49 50

HewIett~Pac k ar0 εrαπε¢
Tele κ 07265739 σση Cable ΕΤΑLΑΚ Α~παπ~ Ι -9 α126 Cetsnla

τ ¢ι Tef (19 Ι 53 21 31 ί7 Cable HEWPACKAG Geneva U SS R
' le Sαρυιπ ~ Hewleη -Packard GmOH Telex 21-493 ETAL GR loss) 37 os as

CaDle I NTERCAMBIO Lisoon
Τ¢ Ι e χι 27 333 hρag ch Hewlett-P ac karo Rep resentdt~ve

Chem ιn aes Mom ι les Tech nιscnes Buero Οϋττ eΙΟοη Hewlett- Ραε 4αι 0 ΙΙαΙιαπα $ . ρ . Α . ΟΗιεα USSR
Boιte Postale Νο 72 Emanuel-Leutre-Str .1 (Seesternl ICELAND Vια Amerigo Vespucci . 9 RUMANIA TURKEY Pok rovs k y Boule~aro 4/17, Suite 12
F fi9130 ΕιυΙΙγ D-4000 Dueseldort Me0'ι [ αΙ ΟπΙγ

-Θ 0142 ΝαροΙ 1 HewIetΓ -Packard Technιcal Οπ 'ι ce Telekom Επριπααιίπg Bureau Μφεοω101000
Τ¢ Ι (78) 33 81 25 Τ¢Ι (02111 59711 7eΙι ΓΘ11 33 77 11 θ0Ν Balcescι 16

Ρ Ο θσχ 437 Tel 294 2024
C αοΙ¢~ HEWPACK ΕευΙγ Tele κ . 85:86 533 Λρd ο σ Elding Trading Company Ιπε .

Ηα fπαιΛονσΙι - Tryggvatotu Hewle η-P ac kard Italiana $. ρ. Α.
Buε harsat Bevglu

Τ R-Ια~απDυ1
Telex 7825 Παωραk $U

Teι ex~ 310617
Ηαωlαη -Packard GmDH Ι $ -Reyklavlk Vια Ε Ματι . 9~Θ Τeι ι 580 23 1 3888α

Tel: 49 40 40Hewle tt-P ac karσ fran ce Ταιππιτεπατ Buero Hamburg Τ¢Ι 1 58 20 Ι -40137 ΒοΙορησ Τ¢Ιeκ 10dd0
Cable : TELEMATION Ι 5Ιαπ bυΙ

YUGOSLAVIA
Αgence R ¢gισπαle ~απααη~~rα~τα 23 Cableι ELDING Reyklavik 7e1.105η30 78 87 SPAIN

Is k ra-stan0ard/H ewlett-Ρααυια

Per ι centre σe ια CEp ι ere

Cnemιn ae ια Cepiere . 20
D-2000 Ηα m6 υιg 1
Tel (040Ί 24 13 93

M ewIett~Packarσ ΕSραπσΙα . S. Α.
Οηιεα

Μ ~klos~ceva 38 ΝΙΙ
F-31300 Toulouse-Le ΜΙrσ 1Ι Cable ι HEWP Α CKSA Hamburg

J ereτ Νο 3
Ε-Medrid 16

610Φ Lpbl~ene
Τ e Ιη 61' 40 ι 1 t2 Telex 2t s3 032 hph η σ Τ¢Ι '111 458 26 W (10 lines)

Tel . 315~879/32 ι -674
Ταl ακ7elex. 51 Λ957F Telex 23515 hpe

31583 VU HEWPAK

AFRICA, ASIA, AUSTRALIA
AMERICAN SAMOA GUAM Blue Star Ltd V okσgawa-H ewIett- P ackaro Ltd . NEW Z EALAND PAK ISTA N TAIWAN
Ca~cu~ators Οπιy M edicaliP OCket Calculators ΟπΙγ M eeaksh l Μαπαιιαπ Nakamo ΒυΙΙΟΙπ g Μυ 5πk ο β Company . Lto . Hewlett-Packar0 F ar East L td .,ΟεααπΙε Systems Ιπε . Guam ΜααιεαΙ Suply, Ιηε κχί1678. Μα h α~m α Gandh I Rd 24 K aml SasaÍιma-επσ Hewlett-Packard (Ν . Ζ-) Ltd . Oosman C η ambers Ταιωαπ θιαπεηΡ 0 Θοχ 777 Jay Ease B u~l d ing . R oom 210 Coεhln 682 01~ Kerala Nakamura-ku Ν agογα . 450 4-12 Cru ι c k sΛan k Street AhOUllah Μα rσσπ Road 39 Cπυηq SΠιαο W est Road
Ρα9σ Pago Βαήιοπ~ R οασ Ρ 0 Θσχ 8383 Tel 3209 . 32761 . 32282 Tel Γ052157~ ι -5 ι 77 ΚιΙD ιιηι e W¢ΙΙΙπ 9tαπ 3

ΚσrαεΛΙ-3 Sec 1. 7~ η ~ιοοιPogo Ρσ
633-513

ο 96799 7amuni ιq 9691 ι Ταlακ 046-514 V οkogawa- H ewlett-Packarσ LΙσ .
Μαιlιπ gAooress:Hewle η-Ρα [kard Tef 511027 512927 7αΙρσ1Tel, Τ e ι 646-<513 Cable BLUESTAR Ταπιgαωα ΒυιΙοιπq 1 Ν τ 1 ιισ Telex KR894 Τ e ι 389160 1 .2.3Cah~e OCEANIC-Pago Pago Cable EARMED Guam Blue Star ιια 2-24-1 Tsuruyd-cηοσ Ρ 0 Βσκ 9443 Cable . COOPERATOR Κα rαεπι 7α1¢κ 21824 ΗΕ~ΡΑC Κ

ANGOLA HONG KONG
1-1-11L1 Καπαgαωα- k u Couςiney ΡΙα[e Mushka β Cσ mραπγ , Ltd . CaDle HEWPACK ΤΑΙΡΕ

Tele d ra
Sc h m~dt βCa .IHOng Κσπg1 Ltd .

5αισμπι Dev~ R σασ Yok Ohame,221 Wellingtοπ 38 θ , Satell ι te Τρωπ Hewlett-P ac kar d Ταίωαπ
Empresa Τ¢εηιυ σ e ΡΟ θοχ 297

Secundarabsd 500 003 Τ ¢ Ιι 045-31 λ 1252 ΤeΓ 877-199 Rawel pindl 38, Ρο -Ai Lane, $απ Μίπ Ch u.
Eguipamentos C σππαΙΙgπι Centre

Tef 70126, 70127 Telex : 3Θ 2-3204 ΥΗΡ VOK Τ ¢Ιeχι ΝΖ 3839 τeΓ 4i924 καοπαιυπg
Electric σ s S .A R L

39th Floor
Cable BLUEFROS7

Υοκο9αωα-Hewlett-Packard Lto .
CaDle HEWPACN Wellington Cable ι FEMUS Rawalp ι ndi iel 107Ι 242318

R Barδ osa Rodr ι gues. 42"Ρ D Τ ` Cοηηαυgπι Rσασ. Central
Telex 459 M ι tσ Mltsui ΒυιΙd ιπg HewIett~Packar0 (Ν . Ζ ) LIO

PHILIPPINES ΑπαΙφιcdΙ ΟπΙyC αιχα Ρ05 ΙαΙ , 64θ7
Luenda Ησηg Κοηy Blue Star ι~σ 105 . 1 -chro me . Sαπ -η σ-maru Pak uranga Ρrof¢55ισπαΙ Centre

7Λα Οη1ιπα Ααναπεαα Systems 5αη Κωαπg lastruments Co . . Ltd . .
7el 35515,6

7e ι M-25529L 5 23:24 Second L ine Θααεπ Μηο Ibarag ι 310 267 Pakuranga Hig hway
CorDOrat~on

Νο 20 . γυπ g 5υι Road
Cable ι TELE CT R A Luanda

Τα l ακ 74766 $CHMC ΜΧ Mad ras 600 001 Tel 0292-25-7470 Βα ~ 51092 ΤΑΙφ1 100
Cable . aCHM~DTCO Ηοπg κσπ q Tef 23954

Vokogawa- H ewleη-Packard Lt d .
Ραk υισηyσ 6ΓΛ Floor, ~υ1υι cσ ΒυιΙαιπ g

Tel 3713171-4

AUSTRALIA INDIA
ielex~ 379

Cable ι BLUESTAR
Ιπσυα Buil~ing ΤαΙι 5~9-651

Telex ΝΖ 3839
560 Ουίπ~ίπ Parades Street

θίπσπ dσ
Telez ι 22894 SANKWANG

Hewlett-Packard Australia Blue Star Ltd 1348-3 Asah~- εηο , 1-cnome Cable HEWPACK, Α ucklan0
ΜσηΙΙα

iel : 40-05-41, 40-05-31
Cable SAN Κ WANG ΤΑΙΡΕΙ

Ρη L td K asturi ΘυΙΙσίπgτ
Blue Star Ltd . Atsugl . Καπαqαωα 243 Τ¢ Ιαχι 3327 GENBANK 7ΑΝΖΑΝΙΑ

31-d 1 J ~5¢ρh Street 7 αΓα RdJamςheol~
Nat h raÍ Μαπ5ιοη~ Tel 0462-24-0452 ΑπαΙηιεαΙ !ΜαοιυΙ ΟπΙy

Blackburn . Victoria 3130 Bombay 400 020
2πα Floor B lstu p ur

ΚΕΝΥΑ
ΜααιεαΙ Supplies Ν . Ζ Ltd RHODESIA

Med ι cal Only
Ιπte ιηα tισπαΙ Aeradio LtO .ρ . Α .Ι ,Ρ 0 θσχ 36 Tel 29 50 21

Jsmshsdpur 831 001 Sειαπιι1ιε DΙνίτιοπ Field 7 αεππιεαΙ $ales Ρ 0 Θσκ 861Donuater Εαι~, ~ ιε7σ rια 3109 Telex 2156
Tel 7383 Τe ιππι cαι Επgιπ eer ιπ g 79 Carlton Gore RO . . Newmarket 45 ΚαΙνιπ Road ΝσηΠ Derauelum

TeI 89-6351 Cable BLUEFROST
Ca61e BLUE STAR Serv ι ceslE Α I110 , Ρ . Ο Βσχ 1234 Ρ . Ο . Θσχ 3458 Τeι 2 ι 261 Εσ 265ΤαΙαχι 31-024 Ταιαιι 240 Ρ 0 . Βσκ 18311 AuckIeM

SslisDury
Telex . 41030Cable . HEWPARO Melbourne Θιυ¢ Star L t d

5απα~ INDONESIA Nelrobi ΤeΓ. 75-289 ΤαΙι 705231 151inesl
Hewlett-Pac k ard Αυ5ί rαΙΙα 41 α,ρ Vir Savarkar Marg BERCA Ιπ dσπ esια Ρ . Τ .

Τ¢ Ι 557726η556762 7el¢κ 2958 ME DISUP
Cable DENTAL ΑυεkΙαπα

Telex RH 4122 THAILAND
Ρ[y Ltd Ρια0ηα 0ανι Ρ Ο Θακ 496 CaDle~. PROTON UNIMESA Co ., LId .

31 Βαα9α Street BomDS9 400 025 1st F l οor JL . Cικίπι R aya 61
M edι cal ΟπΙγ AnalyticaVMe~ical ΟπΙγ SI NGAPORE Elcom Research ΒυίΙαιπ q

Pymde Tel 45 78 87 Jakarta International Aera dιol E Α. Ι LΙσ . .
Me0lcal $ υρρΙιατ Ν . Ζ . L to Hewlett- Pac k ard S~ngapore ΒαππΙαk $ukumvit Ανα

New Sου~π Wales . 2073 Telex 4093 Tef. 56038 . 40369 . 498 Θ6 Ρ . Ο Βσχ 19ο 12 Ρ Ο Θοχ 1994 ΙΡια Ι ιια Θαι kok
TeI. 449-656 Cable FROSTBLUE Telex. 42 Θ95 Ναι rσοι Αιιρσπ 147-161 Τοη St. Blk 2 . 6Ιπ Floor, Jalan Tel 32387 . 930338
Telex 21561

CaDle HEWP ΑRD 5γ0 παγ Blue $tar Ltd
Βαπσ θοχ House

Cable ι BERCACON
BERCA Ιπ dσηeτια Ρ Τ .

Nalrobi
Τ ¢ Ι 3360α 5756

Wellington
Tel 850-799

Θυkι~ Μαιαη
Redhill Ιπσυ5Ι rιαΙ Estate

Cable UN I MESA B anpkak

UGAN DA
ΗαωΙ ¢ η-Packaro Australia Ρr αDηαΟανι 63 J L . Raya Guheng 7elex 22201ί22301

Cab Ie~I N TA ER IO Ναιrσbι

Telex . 3858

Cableι DENTAL . Wellington
ΑΙακαπα rα Ρ 0 θσκ 58,
Singapore 3 Meolcal Οπιy

ΡΝ Lt0
153 6ιααππιΙΙ Rσασ

Bom b ey 400025 Sure b eyα
7¢ Ι '. 443ί19

ΑηαΙγ1 ιεαΙ /Me~iwl ΟπΙy Te f 633022
Internatισ nal qeraoio(Ε.Α. Ι , Lld .,

Park side 5063, 5. Α.
Tel . d5 13 01
Telex 3751

KOREA
Amer~can Τιαοίηρ Company

Μ ¢O~c~~ Supplies Ν . Ζ Lto Telex HP SG RS21486
CaDIe~

Ρ . Ο θσχ 2577
Kamφle

Tel . 27-2591 CaDle BLUESTAR
IRAN

Korea Ρ 0 Θσκ 309 HEWPACK. 5 ιπραρσ rα Τeι 54388
Telex 82536 ADEL 81υα Star Ltd

Hewle tt - P ac karo Ιιαπ L Id . C .P 0 Βοχ 1103
239 Stanmore Road SOUTH AFRICA CaDle INTAERIO Kampala

Cahle HEWPARD ADELAIDE
14.40 CινιΙ ιιπατ

ΜΙι -EmdO Ave
Dae K yung B10g ΘΙη Floor

ChrIatcΛurch
Hewlett- Pac k aro Sσυ~η Africa

Hewlett-Packard ΑυτΙιαΙια Καπμur 208 001
14th $treet . Νο ι 9I R-Tehran 107 SeÍOng-R0 .

Tel 892-019
Cable ΟΕΝΤΑL . Christchurcn

ΙΡη 1 Lt0 ΖΑΜΒΙΑ
R J Lid .Ρη Lt0

Tef 6 88 82 Tef 85 ι 08 Τ86 Ch ongro~ K u Seoul Ρπναtα Θαg~απαyωοο0 ΤιΙ hυη (Zambia)
141 $t ιrΙιπg Ηιρηωαy Telex 292 7eΙ ¢χι 21 25 74 ΤαΙι (4 l~nesj 73-8924-7 ΑηαΙ y1 ι cαΙ 7Μα0ιεαΙ ΟπΙy 5απσ2οπ Τrαπ5νααΙ 2144

Ρ 0 . θσχ 2792
Nadland4 W .A . 6009 Cable ι BLUESTAR Telex Κ -28338 ΜααιεαΙ Supplies Ν . Ζ . Ltd Hewle η-Packarσ House L υse ka

ΤeΓ 73793ΤeΓ Θ 6-5455 ISRAEL Cable ι AMTRACO Seoul 303 Great Κίηρ Street Dαρππα Street . ~απαyωοο0,
ieleκι 93Θ59 PER TH ΒΙυ¢ Star Ltd . E lectronics β E ngιneering Div.

Ρ 0 Θσχ 233 $απα 1οπ ÍrdnSVddl2144 Cable ARJAVTEE, Lusaka
CaDle~. HEWPARD PERTH 7 Hare Street of Μσιοιοια ι srae ι Ltd .

LEBANON Dυη sαΙπ Τe Γ. 802-704016

H ewlett-P ackard Australia
Ρ 0 θοκ 506

Cslcutta 700 W7
16 Kremenetski Street Cοπ ~~απ ~ίη Ε Macridis

Clemenceau Street 34

ΤeΓ θθ-817 Telex. SΑ43-4782JM MEDITERRANEAN ANDMIDDLE EASTCO UNTR IESΡη LIO
721 ~ο1 Ιοπgσπ ρ Street

Tel 23-0131
Ρ 0 Boz 25016
ΤσΙ-ΑνΙν

Ρ 0 θοχ 7213
Cable DENTAL . DuneO~n

NIGER IA

CaDIe HEWPACK JOHANNESBURG
Hewlett-Packar0 SσυΓΛ ΑΙrιω

ΝΟΤ SHOWN PLEASE CONTACT :

Fyahwick . Α .C. Τ 2609
Telex 7655
Cable . BLUE STAR

ΤeΓ 3θ973
RL -B eirut

ΤαΙι 36 63.97.78 Τπα Εια cιισηιετ δ"~, Lid
HewIett~Pac kar0 5. Α

McO~terranean απα ΜισαΙα
Tel . 95-3733

Blue Star ιισ .
ΤeΙeκι 33569 Telex 21114 LeD Ιπ ~~rυ mαπ2α~ ίοπ ~ Ltd . Ρ σχ t 20

Εατ1 Operations
ΤαΙακι 62650 Canherra Blue Star House .

Cable ι ΘΑ$ΤΕ L Tel -Aviv Cable . ELECTRONUCLEAR Beirut Ν6Βί770 Ογσ R oad Μσωαισ ΡΙα[e . Cap e Province,
35, Kolo k otrani StreetCa hleι HEWPARD CANBERRA

34 Mahatma G απσπί Ro .
Οl υ~αυπ Ηαυ~α 7450 Ριαιία Kefallariou

Hewlett Packaro Australia LaÍpatnagar
JAPAN MALAYSIA

τeκmκ
ΡΜθ 5402 Ρ'ιπα P ark Center, Forest Drive, GR-K~fiss~a- Α~ Μπα

Ρη Ltd
6t h F l οor

New Dslhl 110 024
Tel 62 32 76

Yok~gawa-Hewlett-Pac k ard L td .
Οh α ~ πι ΒυΙΙαιηg

Mum san αησ

2 L orong 13ι 6Α

Ibsd an
Tel Χ1577

ΡΙπαΙαπΟσ Cape Ρr σνίπε ¢ . 7405
Tel 53-7955 ιηυ 9

Τα l ακ 21-6588
Cable HEWPgCKSA Α~παη~

Teachers Uπιοη Θυιιοιηg
Τeιeκ 2463

1-59-ι Υσγσgι Seειισπ 13 Telex 31231 TEIL ΝΙ gαιια Telex 57-0006
495-499 θσυποαη Street C~h~¢ BLUEST Α R

Shibuya-ku . Τσ kγο Petal ι ng Jaya Selerp or Cable 7 ΜΕΤΕΙι Ι Dασαη
SσυΙΛ Afr ι ta

DΠtER ARFλSΝΟ7 US7Φ, CON7ACT:
Spring ΗΙΙΙ . 4000 Ουααπ 5 Ιαπσ
Τ¢Ι . 29-1544 θιυα Star L td .

Tef 03-370-228 ν 92
ΤαΙ¢κι 232~2024~ΗΡ

Tel-. 773455Ι5 Ιιηe51 Τπ ¢ Ele dron~cs Instrumenta-
Ό% Θσχ

Μ¢ωΙ¢γη-Packar0
HewIett~ P ackard Ιηι eιεοπtιπ eπt αΙ

3200 ΗιΙΙνι e ω Ave
Telex 42133 BRISB ANE Blue Star House Cable . VHPMARKET ΤΟΚ 23-724 MOZAMBIQUE

Α Ν Goncalves. L ta.

Ιιοπ5 Ltd
144 qgage Motor RoaO, Μυτηιη

Ρ 37099
Over pon, Durban 4067

ΡαΙο ΑΙΙσ Callf ornιa 943Λ4

CVPRUS
11 ί 11ΑMagarat h R ~~0
Θαπ Yo k ogawa-Hewlett-Pac k ar d L to . 162, 1° qpt . 14 Αν . D . Luis Ρ . Ο. θοχ 6645 641 R loge Road, Durb an

Tel 1415
91 δ-373-1267

493-1501
TWX

Κ y ρrσπιε s
aloro 560 025

Tel 5668
N lssei IDaraki 8uil01ng Caixa Postal 107 L agos Durban 4001

19 Gregorios βXenapoulos Rd . Telex 430
2- θ Kasuga 2-c hrome, IDara k i-5 ηΙ LourancoMarquas C~0~¢ ι THETE I L Lagos Tel~. θθ -747θ θθ -1080.88-25 20 CaDle HEWPACK ΡαΙο ΑΙΙσ

Telex Λ34-8300. 03α-8493
Ρ .Ο . ΒυΧ t152 [αοι ¢ . BLUESTAR

Οω 4α 567 TeI 27091 .27114 ieleχ ~ 6-7954

CV-ΝΙ [osb
7eΙι Ι 07261 23-1641 Telex . 6-203 Ναgοπ Μσ CaDle HEWPACK

ΤeΓ. 4562829
Teιex 5332-385 ΥΗΡ ο $ΑΚΑ Cable NEGON

Cable ι KYPRONICS ΡΑΝΟΕΗΙ S 3ί76
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