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INSTALLATION SPECIFICATIONS

© 
~;— 

~ 450.86@ ~s 97.78)
© “ome

‘ ‘\

; \\
774.7 r Le Ao \

(30.25) 7: \
pane ao ae oe +

296.9

1253 (11.69) J
MAXJ s (49.25)

by is, r

SERVICE DIMENSIONS T |
- 

266.3Mounting NOTE: NOVA 41S SERVICED WITHOUT .
ornponent Location REMOVAL FROM CABINET. MAX — a (10.43)

A | 16-SLOT CHASSIS CABINET 147.3 ' ; MAX
(580 | |

8 16-SLOT CHASS| 
:cru is DIMENSIONS IN MILUMETERS

c | Memory 16-SLOT CHASSIS INCHES IN PARENTHESES FOR REFERENCE | 3073 |
FLOATING 

DG-0sees . (1210

p | ft POINT UNIT 16-SLOT CHASSIS
(FPU)

SPECIFICATIONS NOVA 4 lir tof

DIMENSIONS: Width Depth Height HEAT OUTPUT: 1100 watts (3750 BTU/he .
. Millineters 483.1 663.9 2883 POWER REQUIREMENTS:SLOT ASSIGNMENTS inches 19.02 26.14 1048 Q

m 
Standard

Chan A : 
Domestic)Data Channel Speeds Available yaigh Speed & — SERVICE CLEARANCES: Front Rear

+

Slot} Allowed (Slot Chart) Assigned Current Dra oe Voltage 102-132
~ NOTES: Millimeters 508.0 269.9 Hz 47-63

18 vo 
inches 20.0 11.69 Max Amp per Phase 12.01§ | VO 1. NOVA 4/S and NOVA 4/X 17A 

Phase 114 | VO NOVA 4/C 8A WEIGHT: Empty Fully Loaded Startup Surge per Phase 204 imax}i vo 
for 0.25THe 7 2. MEMORY (NOVA 4/S & 4/X only} Kilogrems 35.38 49.9 seconcs11 MEMORY or /O w/BATTERY BACKUP OPTION PRESENT 44A Pounds 780 110.0 Export

10 | MEMORY or VO w/o BATTERY BACKUP OPTION PRESENT 5.6A

MEMORY or 17 TING ENVIRONMENT:a) 3. FLOATING POINT UNIT 15A OPERATING ENVIRO! . Voltage 187-264
8 | MEMORY or VO 

. He 47-63
7 _| MEMORY or VO 

Temperature (max) §5°C(131°F) 6OHZz,5 1 MEMORY oO 4 MAXIMUM 4 MEMORY BOARDS PER SYSTEM. as°C(1 13°F) SOtte Max Amp per Phase 70

S_|_MEMORY or VO 5. MAXIMUM 10 1/0 BOARDS CONNECTED TO V0 BUS W/O Relative Humidity (max! 90% Startup S Phase4_{ MEMORY oF UO A BUS REPEATER. Attitude (max) 3084m(10,000" urae Per orn
3_|_ MEMORY or VO .12 seconds

2_| MEMORY or FPU NOTE 2.3 6. PUSH-ON TERMINATORS ON TOP MEMORY SLOT FOR CABLES: LINE CORDS:
1 [cpu ‘| NOTE 1 NOVA 4/S & 4/X. Mating -
O | POWER SUPPLY : Primary Power Length Conn ConnTotal+SVCurentdrew 7. PUSH ON TERMINATORS ON SLOT 2 FOR NOVA 4/C ¥ Supply Part No.

Max +5 Current Available Domestic 1.8mi6)) 5-15P 5-15R 120 109 000455
+5V Cusrent Surplus =— 8. SEE PAGE 10 FOR +12V LOAD RESTRICTIONS. Export 1.8mi6? 6-15P 6-15R 220/240 109 000456

External /O Bus Cable 15.3m(50°) max

FREV IO {o! 102 | DRAWN NO P Wey TITLE
TH1S OMAWING AND SPECIFICATIONS HEREIN, ARE Trt Bb. Br€ DATA GENERAL CORPO Rcmererry oat ceatins conronarion tn sunss TCO |FRO2|F 870167 46) CHECKED FIRST USED ON INSTALLATION DATA SHEET WESTBORO, MASSACHUSETTS AT 10 Ntt PART AS THE BASIS FOR MANUFACTURE Of SALE OF {app WA 

SE 'ITEMS WITMQUT WITTE PERMISSION 

~-poate [2-GTd ur Ay solr NGINEER CODE IDENT 34984 NOVA 4 16-SLOT C OO "OOO? 13 On

4 3 t 2 } sneer | of 10



013-000840

>

BRUNING 40-526 27928

FOAM (DO NOT

REMOVE FILM)

| a FRONT PANEL

SHIPPING

PRE-PACK

CAROBOARD

FOLDER

ONE BOARD SHOWN
PACKED AND SEALED

IN CAROBOARD -

FOLOER

2 MULTIPLE PACKING

“Up to three(3) 15x IS" boards, en-
closed in plastic begs and sealed

in pre-pack folders os shown, can

be put in shipping carton number

129-O00062. For four (4) te seven

(7) boards, use shipping carton

/ (PREPACKED)

“FLOW PACK"

FOAM SHEETS

BOARDS

number 129 000012. Cc

FOAM SHEET

ti STYROFOAM |

NOWA & 16-SLOT ” FLOW PACK
1/2 TAPE 

SHIPPING
CARTON

CUSTOMER-

ORDERED

overs SHIPPING CARTON
SPACERS MOUNTED ON PALLET 

é

SHIPPING AND PACKAGE DATA

Outside Dimensions Weight Volume Density

(Gross)
Length Width Depth

in. in in ibs. cu ft Ibs/cu ft,
cm cm cm kg cum kg/cu m

36 28 24.5 135 1h.28 B
91.4 71.12 62.2 61.22 ~4287

SHIPPING SPECIFICATIONS STORAGE SPECIFICATIONS

po-osmes Temperature Relative Moxirmum Ternperoture Relative Moximum
Range Humidity Altitude Range Humidity Period

or oc (Non 6 2) or = (Non -coadensing }

“4Otorl6 50,000ft -hOro+16
‘ 

02/903 15, 200m 

0/903 90 days

~hOtot71 Otat71 —a
0G-Ca224
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TAILORING

: CPU JUMPERING
Uf NOVA 4/C

V=n. rade dew

eg? Znag ste
TEM ste: BI287 A ote

Ss © _ereeeecs, DEVICE CODE JUMPERS FOR FRONT PANEL AUTOMATIC PROGRAM LOAD W23 1S INSERTED TO DETERMINE THE BAUD RATE
~ erm pt Oo gat hig ae one AS SHOWN BELOW:

SELECT THE PROGRAM LOAD DEVICE CODE BY INSTALLING JUMPERS (9600 SHOWN)
wit, W8, W6, W7, W9, W10, AS FOLLOWS:

JUMPER OUT = 1 JUMPER IN = 0

EXAMPLE JUMPERING FOR DEVICE CODE 279:TEPERERS -8- PERE Rea

wit wes w6 W7 w9 WI0il
e] a, pe SSNS eM me o ‘s Fe FREE * IN our | in | our | out | ouT

BR PRS (Faz FAT: etek Eye RaW (Mia aba FAR] ¢
rn

PSR 2S TT Fi ae: ReeCRS ; “ARE | q° aa a r wh 15 NOT INSERTED IF THE PROGRAM LOAD DEVICE IS A HIGHeee =a — ne ra P ar ae 3 SPEED DEVICE, OTHERWISE IT 1S INSERTED.

ed

TYPE OF TRANSMISSION JPMPERS

*

TYPE OF TRANSMISSION JUMPERS INSERTED*

20MA CURRENT LOOP wi, W3

EIA &S232-C wW2 .

W22 1S NEVER INSERTED.

* JUMPER 25 1S INSERTED IF THE SYSTEM TERMINAL IS A TELETYPE,
OTHERWISE IT 1S NOT INSERTED. THE FOLLOWING JUMPERS ARE ALWAYS INSERTED:

BRUNING 40-526 27928013-0gp640

. WS

* JUMPERS WI17 AND WI8 MUST ALSO BE {INSERTED AS SHOWN BELOW. W19
w20

w21

W2s

STOP BIT JUMPERS PARITY JUMPERS
20MA CURRENT LOOP EIA RS232-C

NUMBER OF WS JUMPER TYPE JUMPER POSITION
STOP BITS POSITION OF Ja rTPARITY Wi2 wié ra wy A 18 oy 15

1 rT] sw -N oy -N
EVEN ouT in sw M4

2 out ow CPU/MEMORY LOADS
oop IN IN ;

10 re wi? 1@ oe WI7 VOLTAGE | DESCRIPTION CURRENT
NONE ouT ouT -N wie -N o~ wis DRAW

7S 114 +5V SYSTEM WITHOUT BATTERY BACKUP | 8.0A
13 13 is +5V SYSTEM WITH BATTERY BACKUP 7.5A

-J -J “4 +5V MEM 0.5A

CHARACTER LENGTH JUMPERS at3y MEM 0-7

JUMPER POSITION sueT NOT Yount wis
CHARACTER LENGTH W13 wik :

5 BITS IN IN

~ 6 BITS OUT IN

7 BITS IN OUT .

8 BITS ouT out
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TAILORING (CONT)

CPU JUMPERING ————

NOVA 4/S OR 4/X-_ fF ==- == 7 roby sy
a.m if js!

D I “I~ 3
t owete :

Ar! |
BAUD RATE JUMPERS p----~~----- a ”

JUMPER POSITION | > euzog Or AOR |

BAWD RATE | WI7 wis wig w20 w27 ori? owrse i—_——————
| owire owe3e { A RARA A cc TM
{ w22 aria L | !IW 1 out iN out» | | 2} |! i) 7 | |

rT N out ouT ouT wai15 : | I] | |! IRRARARGARAAAR) “| |
ne [oar fom fa | or] _ =| ORRSAGREAR ARERR |
134.5 IN OUT IN iN ouT | Tho AABARAR BABA r---- !

out > CD) c150 ouT out u IW our | | an sHORBRETARRORAndRR
. 200 IN our IN OUT ouT Fi ow ©

(LI [] ! AAT QnaRBRRRRBAB® ABMs] | |: su3300 OUT ouT rT} OUT ouT l { i} 1 1-7 ; owi2 @ |

600 in ouT ouT iN out | | A i IP Hh OE BRA q ewge |
eCc | C2 c> | Ri hpAAT nav 4 ows el

1200 our In ouT out out ose | Ce me we ae Us i — —,

1600 our IN our " out | .°e | ) [REE : BGK Dwg Wo. 107 0009K9 \ | c
2400 OUT ouT IN IN ouT | | L/ / \ \ | !

|4800 OUT iN IN ouT ouT | | y / \ . j
-_-——— |9600 ouT rT IN IN ouT LS {_ Cc_) \!

19200 ” In IN our OUT | ws | / -AYL | Lo

iP j e | | OC}

PARITY .SHPERS ! e 7 | “ |

! eWee JUMPER POSITION | _ LZ io |

PARITY w22 w21

EVEN ouT rT
TYPE OF TRANSMISSION JUMPERS DEVICE CODE JUMPERS FOR FRONT PANEL AUTOMATIC

opp IN rT PROGRAM LOAD

B NONE OUT ouT TYPE OF TRANSMISSION JUMPERS INSERTED SELECT THE PROGRAM LOAD DEVICE CODE BY INSTALLING JUMPERS W13, WIS,
| 

wih, wiz, W10, W8 AS FOLLOWS:

20MA CURRENT LOOP wo, W7, W2, Wi JUMPER IN = 1 JUMPER OUT = 0
CHARACTER LENGTH JUMPERS .

EVA RS232-C W6, W3 EXAMPLE JUMPERING FOR DEVICE CODE 27
JUMPER POSITION

CHARACTER LENGTH

we wh
3 W13 wis | wis wiz wio | we| sans iN Tn STOP BIT JUMPERS .

cars | oor sorts | “Psion a
7 BITS , IN our 1 IN W9 1S INSERTED {F THE PROGRAM LOAD DEVICE 1S A HIGH SPEED DEVICE,
8 BITs our our _ . out OTHERWISE, IT 1S REMOVED.

NOTE: JUMPERS W16 AND W26 ARE ALWAYS INSERTED. JUMPERS W5 AND Wil DO NOT EXIST.

REAL TIME CLOCK JUMPER +5¥ CURRENT DRAW = 17A

w28

A RTC ENABLED | IN
RTC DISABLED | OUT

=
~

oe
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NOVA &/X MEMORY BOARD SELECT JUMPERS .

JUMPERS INSERTED*

ADDRESS

RANGE BOARD SIZE

256KBYTES 128KBYTES 64KBYTES

0377777-

WB W10
0300000~-

wb

0277777-

w8 w9
0200000-

NONE

0177777-

W7 W10

0100000-

W7

0077777-

W7 wd
0000000-

*NOTE: JUMPERS WI, W3, AND WS ARE ALWAYS INSERTED.

JUMPERS W2, Wh, AND W6 ARE NEVER INSERTED.

SYSTEMS SHOULD BE CONFIGURED WITH THE LARGER BOARDS OCCUPYING

THE LOWER MEMORY ADDRESS RANGES.

MEMORY LOADS

WOVA 4/S MEMORY BOARD SELECT JUMPERS

JUMPERS INSERTED*

ADDRESS

RANGE BOARD SIZE

64 KBYTES 32KBYTES

0077777-

0040000-

0037777-

0000000-

W7 WO W12

W7 WS Wit

NOTE: JUMPERS WI, W3, AND W5 ARE ALWAYS INSERTED;

JUMPERS W2, Wh, AND W6 ARE NEVER INSERTED.

VOLTAGE | DESCRIPTION CURRENT
‘ 

ORAW

+5V SYSTEM WITH BATTERY BACKUP GLA

+5V SYSTEM WITHOUT BATTERY BACKUP 5.6A

+5V MEM 1.2A
+12V MEM | FIRST BOARD IN CHASSIS 2.3A

+12V MEM 7 EACH ADDITIONAL BOARD 0.3A
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. FLOATING POINT UNIT JUMPERING

y

DESC SSOCOSCR SESS SEES FAGEE ——.
EELS Cenc Cn pw IEEai. Ma | (ase! Bs Bam. Wei

ait

Sonappran rerertetstitss ZIITIT
*, dd cebereSTTEeETTTT TTT TTT
ak RR 3] S?8ieees errerere:; terte :

m_oee.

Rane SPOS PSRTST TTT, LTTTTTITTF —swise ee win J soe -

en 7B ~REERBEHESR SSL eTIs SH
ee St ga TTT

- . -

PREP ORP REET aye t Ny See ETT
it * .

— SSS Te

REF: DGC DWG Mo. 107 000986

ewlle
C#=ewioe

eow7e a

® e

eu
3H

THE JUMPERS MUST BE POSITIONED

ON THE FLOATING POINT UNIT

PRINTED CIRCUIT BOARD AS INDI-

CATED IN THE TABLE BELOW.

JUMPER POSITION

wi . IN
. : W2 OUT

w3 OUT
wh in .WS: OUT 

panwé6 IN
w7 IN
w8 OUT
wo ‘NW
wio OUT

o wit IN
wiz OUT

wi3 iN

é
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TAILORING (CONT)

BACKPANEL JUMPERING

1/0 CONTROLLER #9
Sy qe ~~ (STANDARD SPEED)

i a

Po x

OPEN SLOT
FP
2

> OPEN SLOT
Zz

io
we 1/0 CONTROLLER #8

Py (HIGH SPEED)

Ss |
xe —— §/0 CONTROLLER £7
3 ~~ (HIGH SPEED)

aoS
FAST SCH JUMPER ; 1/0 CONTRTHIS JUMPER 1S ONLY USED WHEN A STANDARD YE (MiG sPeeby 6
SPEEB DATA CHANNEL 1/0 CONTROLLER IS A
CONF EGURED. 1T RETURNS THE OCHP OUT SIGNAL iN
TO YE CPU. CONTROLLERS #1 THROUGH #8 | 1/0 CONTROLLER #5
WILR RECEIVE HIGH SPEED DATA CHANNEL we (HIGH SPEED)
SERVICE WHILE CONTROLLER #9 WILL RECEIVE a
STAMDARD SPEED DATA CHANNEL SERVICE. 7

WHESM AN 1/0 CONTROLLER RESIDES OUTSIDE THE

Ht we Se 1/0 CONTROLLER sh
CHASSIS, IT MUST BE CONFIGURED AS A STANDARD

(HIGH SPEED)\ 4
yMa

SPEED DATA CHANNEL CONTROLLER. ~

Yn 0 CONTROLLER #3
FOR MORE INFORMATION CONCERNING INTERRUPT ‘ (HIGH SPEED)
AND BATA CHANNEL PRIORITY SCHEMES, REFER EN

TO TME INTERFACE DESIGNER'S REFERENCE,

NOVA AND ECLIPSE LIME COMPUTERS,

DG MB. 015-000031.

«"1/0 CONTROLLER #2
pe (HIGH SPEED)

If
I \4

INTP OUT ASS Ss

—— yw _-—~1/0 CONTROLLER #1INTP IN AQ6 ] B (HIGH SPEED)

DCHP OUT A93 ————_ | ESS

DCHP IN Ag4 SA MENORY

-

Ys MEMORY

we FRU

WO JUMPERS NEEDED EXCEPT FOR OPEN SLOTS AND

STANDARD SPEED DATA CHANNEL 1/0 CONTROLLERS.

WHEN A &C PROCESSOR [S USED IN THIS CHASSIS,

THE END OF THE JNTP PRIORITY NETWORK CLOSEST

TO THE PROCESSOR (HIGHEST PRIORITY) MUST BE

SLOT

eo

16 noon J £

15 in a 43 3. C -
1/0 1h , eee tbtrenelerreon ba eo co

DEED * —w =

3 = 3 Co
12 foneb-son str ts Li .

nN Permirerepenenart Co 4
10 re CI

9 piperanepenannnene a ‘
8 pe

pepeneieneneneninn 
'

MEM, 1/0 7 6 )

6 Pyare
5 bhi-ohohobetennted

rere

4

3 ;
FPU/MEM 2 ¥

cPu 1

POWER 5 co
SUPPLY . i.0°

adeoe: eo |, o—

DG-0s73 / / REF: DGC Dwg No. 005 0012073
J34 J35 CPU/TTY = JI7 536

CONN. INTERFACE CONN,

SIDE SIDE

SIDE "AT SIDE "8"

BUS TERMINATOR '‘A"' BUS TERMINATOR ''g'!
No. 005 012438 No. 005 012439

BACKPANEL

INTERNAL CABLING

BACKPANEL CONNECTORS

STRAIN RELIEF

BRUNING 40-526 27928

CONNECTED TO THE NEAREST GROUND (PIN A99 OR Cc

Neo = us gapteone

[rev PRAWN APPROVED A DATA GENERAL CORPORATIONTHis ORAWING AMEDD SPECIFICATIONS HEREIN, ARE THE
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INTERNAL CABLING (CONT)

D 
BATTERY

REAR OF VWR CHASSIS

Ll

oo 7 |

FRONT CONTROL

/ PANEL SWITCH

| EXTERNAL BATTERY

ao 
CONNECTOR

J

LINE CORD a

VNR BOX CABLE PL PI/J1 CABLE P1 CABLE P2 CABLE P3 FAN MODULE

(LOCATED ON THE REFERENCE: 001-001607
BACK OF THE VNR BOX)

DG-08739 .

WARNING
FOR SERVICING DISCONNECT

POWER, WAIT 5S MINUTES

REASSEMBLE UNIT BEFORE

APPLYING POWER

—> PADDLEBOARD MOUNTING .
NOVA 4& 1/0 PADDLEBOARDS

ASSEMBLY

NO. TYPE

OPTIONAL 005 012472 | GENERAL PURPOSE 1/0
1/0 BRACKET P1612 13 ys 005 012751 | EXTERNAL 1/0 BuS**

PI5 PS p we

* °3 p2 py 005 012765 | UNIVERSAL LINE MUX Se
MODEL 4241, 4241A, 4242,

23 eee

005 012476 1/0 BUS REPEATER

MODELS 8315

Meebo EET ak
005 012590 OCu-50

MODELS 4250, 4254

005 012473% | ASYNCHRONOUS INTERFACE

MODELS 4007, 4010, 4023,

4075, 4077, 4078 WN

005 012585 MCA MODEL 4206 ee
* THIS PADOLEBCARD MUST BE PLACED IN

THE OUTSIDE POSITION: i.e. THE FUR-

THEST AWAY FROM THE PADDLEBOARD SUP-

PORT PLATE.

eee
#k EXTERNAL 1/0 BUS MUST BE TERMINATED

AT THE END AWAY FROM THE COMPUTER fH
BY TERMINATOR NO. 005- » OR0 3067 OPTIONAL 1/0 BRACKET —~
EQUIVALENT.

FOR ADDITIONAL 10

DG-06821 PS PB Pp? og PADDLEBOARD wee REQUIRES TWO PADDLEBCARD LOCATIONS. PADDLEBOARDS
A SUPPORT PLATE 005 013527 cUPPORS

x DG-08734 PLATE

5
= lev Raa APPROVED TE DATA GENERAL CORPORATION
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CABINET MOUNTING

y eee eee ee FY
y LEFT BRACKET

SLIDE SUPPORT

002 CC7986

RIGHT BRACKET

SLIDE SUPPCRT

002 007988

DG-067396

HARDWARE MOUNTING KIT -

cre

ay
EJECTOR

KEYS paveers 5 =MU), meen F
y

vas
cog

Pprerrryer ye te bs fl . a ware on “ f

SCREWS

WARNING:

BRUNING 40-526 27928013-000640

HAZARDOUS
VOLTAGES

DG-05733

= Daan APPROVED | TITLE DATA GENERAL CORPORATIONPROPERTY OF DATA GENERAL COMPORATION AND SctAcL = CHECKED FIRST USED ON INSTALLATION DATA SHEET WESTBORO, MASSACHUSETTS 01581MOT BE REPROOUCED OR COPIED On USED In wuO.E On 
- £ | COOE DRA R EVFata wetteut wanton neato Ee | — reer —TeaBE TENT 34980 NOVA 4 16-SLOT a oe Bis Wee SS

A 2 t 9 | 1 queer 9 of 10
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16-SLOT CHASSIS LOAD BALANCING RULES \
.

WITH BATTERY BACKUP: | WITHOUT BATTERY BACKUP:

1. THE LOAD OF -5V MUST NOT EXCEED 3.0 AMPS. 1. THE SUM OF THE LOADS OW -5V AND -S MEM-P MUST NOT EXCEED

3.0 AMPS.

2. THE SUM OF THE LOADS ON +12¥, +12 MEM, +15V AND 0.55 (SUM OF
CURRENT FROM +5 MEM-P AND -S MEH-P) MUST NOT EXCEED 12.5 AMPS. 2. THE SUM OF THE LOADS ON +12¥, +12 MEM, AND +15V MUST

NOT EXCEED 12.5 AMPS.

3. THE LOAD ON -S MEM-P MUST NOT EXCEED 0.3 AMPS.

&. THE LOAD ON +5 MEM-P MUST NOT EXCEED 4.5 AMPS AND MUST BE AT

LEAST 0.25 AMPS

5. THE LOAD ON +5V MUST NOT EXCEED 120 AMPS AND MUST GE AT LEAST

15 AAPS.

3. THE SUM OF THE LOADS ON +S¥ AND +5 MEM-P MUST NOT EXCEED

120 AMPS AND MUST BE AT LEAST 15 AMPS.

kh. «THE LOADS MUST @E WITHIN THE OPERATING REGION SHOWN BELOW:

6. THE LOADS MUST BE WITHIN THE OPERATING REGION SHOWN BELOW:

AMPS AMPS

4 A {

120 | 12° 12.5 120 | 7m, \20 12.5

OPERATING 8 OPERATING
LOAD ON +5¥ 80 SUM OF LOADS ON 0Y REG! —— 65 <25¥ ANO +5 MEM-P Y REGION 7 —— 65

60 Yy 60 Wy Mi
12.5 Mf 12.5

40 &O Mf -

20 oo. 20 U
fK—— 15 .

7-5 > AMPS 75 > AMPS
722 #& 6 8 0 12 1h , $2 & 6 8 10 12 18

SUM OF LOADS PER NOTE 2 ABOVE SUM OF LOADS PER NOTE 2 ABOVE

SLOT LOADING RESTRICTIONS

REED SWITCHES BACKPANEL SLOTS

a 16

_fy__*5¥6 15
~ U 1h

— 13

q ‘at

rn +5vF C7 =

v Lo
oe w——_——F

nm +5ve 2

U L_ 7

>?

n. +5V0 :

v Cry

BRUNING 40-526 27926
+5 NOTE: REED SWITCH TRIPS AT 22 AMPS.

+ es | REFERENCE DG 001-001563.

+5V = SHORT CIRCUIT DETECTION -
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