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CE RTIFICATION 

Rockland Systems Corporat ion cert if ies that th i s  equi pment was 
thoroughly tested and i nspected pri or to shi pme nt and found to 
mee t  or exceed i ts publi s hed speci ficati o ns .  

WARRA N TY A N D  ASSISTANCE 

Rockland Systems Corporat ion warrants th is  equi pment  to be free 
from defects i n  workmanshi p and material under normal use and 
service; a nd any part proving defecti ve i n  workma nsh i p or 
materi al w i th i n  one year from the date of sh i pment w i ll be re­
pai red or re pl aced without charge , prov ided  the equi pment  is  
returned  to our factory wi th transportatio n  charges pre pa i d  and 
our exam i nation d i scloses such part to be defective . 

N o  equi pmen t  i s  to be returned to us wi thout our prior authori ­
zat i on . 

We are not responsib le  for work done , material furn i shed , or 
repa irs made by others ,  un l ess agreed to by us in wri t i ng .  

We do n ot warrant  any other apparatus or attachment supplied 
by us wh i ch i s  not of our own manufacture, i nasmuch as it is 
warranted  by i ts own manufacturer . 

No other warranty i s  expressed or i m plied .  We are not liable 
for consequenti a l  damages. 

F or any assi stance , contact your nearest Rockland S a l es Re pre­
sentat ive , or: 

R OCK LA ND SYS TEMS CORPORA TION 
230 West N yack Road 
West Nyack, New Y ork l 0994 
Tel: (9 1 4) 623 -6666 
Twx: 7 1 0-575-263 1 

Pri n ted i n  the Uni ted S tates of America . All rights reserved . 
Contents of thi s  publi cati on may not be reproduced i n  any form 
without wri tten permission . 



Paragra ph 

l -1 
1-2 
1 -3 
1-4 
1 -5 

2-1 
2-2 
2-3 
2-4 
2-5 
2-6 
2-7 
2-8 
2-9 
2-10 

3-1 
3-2 
3-3 
3-4 

4-1 
4-2 
4-3 

TABL E OF  CONTE NTS 

S ECTION I - GEN ERA L  IN FORMATION 

Introduction • • 

D escri ption • 

Options • • • • 

S pec i fi cations, Mode l 452 & 452-01 
S pec i fi cations, Mode l  852 & 852-01 

S ECTION II - OPERATION 

Introduction • • • • • • • • • • • 

Inspe ction • • • • • • • • • • • 

lnsta l l at ion and Powe r Requi rements 
Control s  and Indi cators • • • •  

Input S i gna l • • • • • • • • • • • • • 

Typica l Operating Procedures • • • • . 

Output Signa l • • • • • • • • 

Cutoff Frequency Overrange 
Minimum Cutoff Frequency Setting • 

Cutoff Frequency Reso lution 

S ECTION Ill - PRINCI PL ES OF OPERATION 

Introduction • . . . . . . . . 

Mode l 452 . 

Mode l 852 . . . . . . 

2nd-Order  Prototype . . . . . . . . . 

S ECTION IV - MAI NTENA NCE 

Introduction • • • • • • • • • 

Re commended Test Equi pment 
Performance Tests • • • • 

. . . 

. . . 

. . . 

. 

. 

. 

Page 

l -1  
1 -2 
1 -2 
1 -3 
1 -6 

2-1 
2- 1 
2-1 
2-2 
2-6 
2-7 
2-1 0 
2-1 0 
2- 1 0 
2-1 0 

3-1 
3-1 
3-2 
3-2 

4- 1 
4-1 
4-5 

Pe rformance Test Resul ts . • . • . • • •  4-11 
4-4 Ad justments . . . . . . • . . . . . . 4- 1 6  
4-5 Troub leshooting Procedures • . . . . 4-19 
4-6 Printed Ci rcui t Board Re pa i r  . . . . . . . . . . 4-25 

5-1 
5-2 

S ECTION V - RE PLACEABLE PA RTS L I STS & DIAGRAMS 

Introduction . • . . . 
Ordering Information . 

5-1 
5-1 

111 



i v  

L IST  OF I LLUSTRAT I O NS 

F ig ure Page 

2 -1 Control s and l nd i  cators • . . . . . . . . . . . 2 -3 
2 -2 Fu l  I -Sca l e  I nput S igna l  vs . Frequency 2-6 
2 -3 452 F l at Ampl . Response - Lo Pass 2 -1 1 
2 -4 452 F l at Ampl . Response - Hi  Pass • . 2-1 2 
2 -5 852 F lat Am pl . Response - Lo Pass • . 2 -1 3 
2 -6 852 F lat  Ampl . Response - Hi  Pass • . . . . 2 -1 4  
2-7 452 Phase Response - Lo Pass 2 -1 5 
2 -8 452 De l ay Response - Lo Pass . 2- 1 5 
2 -9 852 Phase Response - Lo Pass . . . . 2 -16 
2 -10 852 De l ay Response - Lo Pass . . . . . 2 - 1 6  
2 -11 I nterconnecti on of F i l ter  Channe l s  • . 2 -17 
2-12 452 Sharp Notch Re .sponse . . . 2 -1 8  
3 -1 Mode l 452 B l ock D iagram 3 -3 
3 -2 Mode l '  852 B l ock Diagram 3 -4 
3 -3 2nd Order Low -Pass Prototype 3 -5 
3 -4 Response of 2nd Order Low -Pass Prototype 

for various va l ues of dampi ng B 3-6 

4-1 K Hz Notch F i l ter . . . . . . . . 4--2 
4-2 Performance Test Setups . . . . . . 4-3 
4-3 Passband Gain  & Cutoff Frequen cy Tol e rances • . 4-4 

5-1 Assemb ly  Designat ion 5-8 



1-1 . I NTRODUCT I O N  

S ECT I ON I 

G E N ERAL I N FORMATI ON 

The Mode l s  452 and 852 are versati l e  dua l -channe l fi l ters consi sti ng of two 
identi ca l channe l s  i n  a common cabi net . Each fi l te r  channe l  has se parate 
i n put/output te rm i na l s ,  offers h igh pass and l ow pass funct ions,  0 dB and 20 
dB gai n ,  Butterworth and L i near Phase responses and 3 -di gi t  resol uti on for 
cutoff frequen cy se l e ct ion . 

I ndi vidua l channe l s  may be readi l y  i nte rconne cted for series or para I l e i  
operation ,  resu l t i ng in  bandpass (or doubled rol l off) and band re ject funct ions 
respect ive l y .  

Each fi l ter  channe l provides swi tch se l e ctab l e  F l at Am p l i tude (Butte rworth) 
response and F l at De lay (Li near Phase) response . 

The Butterworth fi l ter  has maxima l l y-fl at ampl i tude response sui tab l e  for 
frequen cy-domain appl i cat i ons . I ts cutoff frequency (fc) is defi ned as the 
freque ncy at whi ch the ampl i tude response is down 3 dB . 

The Li near Phase fi l te r  a pproximates a constant  t ime de l ay for frequencies 
be l ow i ts cutoff frequency . This  fi l ter  is sui tab l e  for t ime -domai n appl i cati ons 
because of i ts i nherent abi l ity to pass transient  waveforms with a ve ry .sma l l  
amount of d istorti on and overshoot . 

Mode l s  452 and 852 are e l ectri ca l l y  and mechan i ca l l y  sim i l ar ,  coveri ng  the 
cutoff frequen cy range of 0 . 1 Hz to 1 1 1  K Hz .  Roi I off of the Mode l 452 is 24 dB/ 
octave/channe l ,  Mode l 852. is 48 dB/octave/channe l .  Factory-insta l l ed 
Opt ion -01 extends cutoff freque ncy range and resol uti on on both m ode l s  to 
0 .  01 Hz . 

F requency-determ i n i ng passive e l ements of the fi l te rs consi st of stab le  preci s ion 
meta l fi l m  resistors and c l ose tole rance po l ycarbonate or m i ca fi l m  capacitors . 
The acti ve e leme nts are FET-i nput IC  operati ona l ampl i fiers wh i ch provide 
h i gh l y  stab l e  gai n ,  a nd very l ow noise and d istortion . This  combi nat ion of a ct ive 
and passi ve e l ements produces a fi l ter havi ng high cutoff frequency accuracy and 
resettab i l i ty ,  and exce l lent  temperature and l ong  te rm stabi l i ty . Anothe r resu l t  
o f  precise control of freque ncy-determi ni ng e l ements i s  c l ose am pl i tude and phase 
match between channe l s. 

1 -1 
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1 -2 . D ES C R  I PTI O N  

ELECTR I CAL . Mode l s  452 and 852 ope rate from e i ther 1 1 5  o r  2 3 0  vo l ts a c ,  
50-500 Hz , a n d  consume l ess than  5 watts of power .  A rear-pane l s l ide swi tch 
se l ects the nom i na l  l i ne vol tage . The case of the i nstrument is g rounded through 
the power cord , but s igna l ground can be i sol ated from power ground (through a 
0 . 01 uf capac i tor) v ia  a rear-pane l s l ide swi tch . 

C utoff frequen cy of each channe l i s  se l ected via th ree 1 1 -pos i t i on (0- 1 0) sw i tches 
a nd a 4-pos i t i on mu l ti p l ier swi tch . The two pi l ot l ights a l so serve as cutoff 
frequen cy decima l poi nt i ndi cators . Passband Ga in  of 0 d B  or 20  dB  may be 
se l ected for each channe l .  H igh Pass or Low Pass m ode is i nd iv idua l l y se l ec tab l e 
for each channe l ,  as we l l  as F lat  Am pl i tude or F l at De l ay response . 

MECHA N I CAL . The i nstrument cab i net  i s  3 . 5  i nches h igh  by 1 7  i nches wide 
(1 9 i nches wide i n c l ud i ng rack mounts) . I t  i s  1 3  i nches deep and weighs 1 0  
pounds (Mode l 452) or 1 2  pounds (Mode l 852) . 

Th e power swi tch , operati ng control s ,  and i n put and output term i na l s  a re l ocated 
on the front pane l . The rear  pane l contai ns dup l i cate (para l l e l )  i n put and output 
te rm i na l s  for each channe l , power connector ,  the fuse ho lder ,  the 1 1 5/230 Voe 
l i ne se l ector swi tch , and a swi tch to d i sconne ct s ig na l  g round from the powe r 
g round . 

I n  i ts sta nda rd con fig ura ti on the i nst rument  i s  su ppl ied i n  a cabi net su i tab l e  for 
tab l e -top use , wi th feet and ti l tstand . A rack-mount config urat i on i s  a l so 
avai I ab l e  (See Opt ions) . 

l -3 . OPTI ONS 

The fol l owi ng opti ons a re ava i l ab le  for both mode l s: 

Opti on -01 : 
Opt ion -02: 
Opti on -03: 

Opti on -04: 

Extends l ow frequency ra nge a nd resol uti on to 0 .  01 Hz . 
Provides 600-ohm nom ina l  output impedance i nstead of 50 ohms . 
The i nstrument i s  sh i pped from the factory i n  a rack-mount 
con figurati on wi thout feet  a nd t i l tstand . 
A fie l d -insta l l ab l e  conve rsi on k i t ,  suppl i ed i n  add i ti on to the 
s tandard configurati on . I t  enab les the user to con vert the 
i nstrument to rack-mount confi gurati on . 
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1-4. SPECIFICATIONS, MODEL 452 & 452-01 

FUNCTIONS 

Each Channel: 

Two Channels connected in series: 
ldenti cal cutoff frequencies 
ldenti cal cutoff frequencies 

One channel High Pass, 
one channe I Low Pass 

Two channels connected in parallel: 

Low Pass (DC Coupled) with 24 dB/oct 
rol loff 
High Pass with 24 dB/oct rolloff 

Low Pass with 48 dB/oct rolloff 
High Pass with 48 dB/oct rolloff 

Band Pass with 24 dB/oct rol loffs 
Band Reject: Broadband with 24 dB/oct 
rol loff, or Sharp Notch Response 

CUTOFF FREQUENCY RANGE & RESOLUTION 

Frequency Settings: 

Frequency Range: 
With Option -01 

Three 11-position switches (O, 1, 2, 3, 
4, 5, 6 ,  7 ,  8, 9 ,  1 O) and a four-position 
(xlO, xlOO, xl K, xlOK) multiplier switch. 
Option -01 adds a fifth position (x 1) to 
the multiplier switch. 

Multiplier 
xl 
xlO 
xlOO 
xlK 
xlOK 

Frequency (Hz) 
0.01-11.l 

0.1-111 
1-1.llK 

10-11 • 1 K 
100-111 K 

Resolution (Hz) 
0.01 
0. 1 
1 
10 
100 

FLAT AMPLITUDE (BUTTERWORTH) RESPONSE 

Passband Gain: Low Pass: 0 dB/20 dB, ± 0.25 dB. 
H igh Pass: 0 dB/20 dB,± 0.25 dB, 

(±0.5 dB i n  x lOK Mul ti pl i er position); 
- 3dB at a pproximately 2 MHz. 

Band Pass: Depends on separation of cutoff 
frequencies. If separation is more than two 
octaves, the Low Pass & High Pass specifications 
apply. If Low Pass & High Pass cutoffs are 
identical, an insertion loss of approx. 6 dB is 
produced; the 3 dB bandwidth extends from 
0.8 f to 1.25 f and is equal to 0.45 f • 

Band �eject & Sfiarp Notch: An insertiog loss 
of approximately 6 dB is produced. 
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l -4. SPECIFICATIONS, MODEL 452 & 452-01 continued 

FLAT AMPLITUDE (BUTTERWORTH) RESPONSE - continued 

Cutoff Frequency Accuracy: ± 2% 

Attenuation at Cutoff: 3 dB 

Stopband Attenuation Rate (Roi I off): 24 dB/octave, nominal 

Maximum Stopband Attenuation: 90 dB 

Stability of Cutoff Frequency {Typical): ± 200 ppm/°C 

Phase Match between Channels {Typical): l 0 or l %, whichever is greater 

FLAT DELAY (LINEAR PHASE) RESPONSE 

Low Pass Delay {Typical): 
-- seconds 

Attenuation at Cutoff: Approx. 9 dB 

Stability of Delay (Typical): ± 200 ppm/°C 

Phase Match between Channels {Typical): l 0or 1%, whichever is greater 

INPUT CHARACTERISTICS 

Circuit: 

Impedance: 

Ful I-scale Signal at 0 dB Gain: 

Absolute max. Input: 

Max. DC component: 

Single-ended, diode-protected 

l Megohm shunted by 50 pF 

± lOVolts (7.1 V rms) DC to 300 KHz, 
decreasing to ± 4 Vol ts (2. 8 V rms) at l MHz 
(Divide these by l 0 at 20 dB Gain). 

± l 00 Volts 

High Pass:± l 00 Volts, 0 dB gain, ± l 0 Volts, 
20 dB gain 



1-4. SPECIFICATIONS, MODEL 452 & 452-01 continued 

OUTPUT CHARACTERISTICS 

Circuit: Single-ended, short-circuit protected, may 
be d-c isolated from power ground by rear 
panel switch 

Impedance: 50 ohms, nominal 

Full- Scale Signal: ± lOVolts (7.1 V rms) DC to 300 KHz, 
decreasing to ± 4 Volts (2. 8 V rms) at 1 MHz 
(R L � 5K ),± 15 mA max. current 

Broadband Noise at either Gain Setting: 100 microvolts rms max. for 100 KHz 
detector bandwidth 

Harmonic Components: 
Input f = 1 KHz 90 dB below ful I-scale signal 

A-C Line-related Spurious Components: 110 dB below full-scale signal * 

DC Offset at 25° C: Within 1 millivolt at any fc setting 

Drift vs. Temperature: 100 microvolts/°C typ, 500 microvolts/°C max. 

Drift vs. Time (Typical): 100 microvolts/week 

TY PICAL EQUIVALENT INPUT NOISE SPECTRAL DENSITY 

At f = l 0 Hz 
f = l 00 Hz 
f � 1 KHz 

GENERAL 

Power Requirements: 

Operating Temperature: 

Storage Temperature: 

Connectors: 

Floating Operation: 

100 nanovolts/� 
60 nanovolts/,/'Fh 
20 nanovolts/� 

115/230 Voe ± 1 0%, 50-500 Hz, 5 watts 

0°C to+ 50°C 

-20°C to+ 70°C 

BNC's on front & rear panel 

, Slide switch on rear panel to disconnect 
circuit ground from power ground. 

* nArntA CnArifirntinn hv h rtR fnr MnrtPI 4.J:i?-01 whPn nnPrntinn in it� nntional rcmoe {xl) 

1-5 
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1-4. SPECIFICATIONS, MODEL 452 & 452-01 continued 

GENERAL - continued 

Size: 

Weight: 

Configuration: 

Accessories supplied: 

3-1 /2 11 H x 1711 W x 13" D ( 8. 9 cm x 43 • 2 cm 
x 33 cm ) 

10 lbs. ( 4.5 Kg ) Net, 14 lbs. ( 6.5 Kg ) Shippin, 

Bench-Top, convertible to rack-mount 

2 Instruction Manuals 

1-5. SPECIFICATIONS, MODEL 852 & 852-01 

FUNCTIONS 

Each Channel: 

Two Channels connected in series: 
( Identical cutoff frequencies} 
( ldenti cal cutoff frequencies) 

(One channel High Pass, 
one channel Low Pass) 

Two channels connected in parallel: 

Low Pass ( DC Coupled) with 48 dB/oct rolloff 
High Pass with 48 dB/oct rol loff 

Low Pass with 96 dB/oct rol loff 
High Pass with 96 dB/oct rol loff 

Band Pass with 48 dB/oct rol loff 
Band Reject with 48 dB/oct rol loff 

CUTOFF FREQUENCY RANGE & RESOLUTION 

Frequency Settings: 

Frequency Range: 
With Option -01 

Three 11-position switches ( O, l, 2, 3, 
4, 5, 6, 7, 8, 9, 10) and a four-position 
(xl 0, xl 00, xl K, xl OK) multiplier switch. 
Option -01 adds a fifth posotion (x 1) to 
the multiplier switch. 

M ultiplier 
xl 
xlO 
xlOO 
xlK 
xlOK 

Frequency ( Hz) 
0.01-11.l 

0.1-111 
1-1.llK 

10-11 .1 K 
100-lllK 

Resolution ( Hz) 
0.01 
o. l 
l 
10 
100 



l -5. SPECIFICATIONS, MODEL 852 & 852-01 continued 

FLAT AMPLITUDE (BUTTERWORTH) RESPONSE 

Passband Gain: Low Pass: 0 dB/20 dB,± 0.5 dB. 
Hi gh Pass: 0 dB/20 dB, ± 0. 5 dB, 

(± l dB in x l OK Multiplier position); 
- 3 dB at approximate I y l MHz. 

Band Pass: Depends on separation of cutoff 
frequencies. If separation is more than two 
octaves, the Low Pass & High Pass specifications 
apply. If Low Pass & High Pass cutoffs are 
identical, an insertion loss of approx. 6 dB 
is produced; the 3 dB bandwidth extends 
from 0. 9 fc to 1. 12 fc and is equal to 0.22 f . 
Band Reject: An insertion loss of approximately 
6 dB is produced. 

Cutoff Frequency Accuracy: ± 2% 

Attenuation at Cutoff: 3 dB 

Stopband Attenuation Rate (Rolloff); 48 dB/octave, nominal 

Maximum Stopband Attenuation: 90 dB 

Stability of Cutoff Frequency (Typical): ± 200 ppm/°C 

Phase Match between Channels (Typical): 2° or 2%, whichever is greater 

FLAT DELAY (LINEAR PHASE) RESPONSE 

Low Pass Delay (Typical}: l -f- seconds 
c 

Attenuation at Cutoff: Approx. 17 dB 

Stability of Delay ( Typical): ± 200 ppm/°C 

Phase Match between Channels ( Typical): 2° or 2%, whichever is greater 

INPUT CHARACTERISTICS 

Circuit: 

Impedance: 

Sing le-ended, diode-protected 

l Megohm shunted by 50 pF in 0 dB Gain, 
shunted by 75 pF in 20 dB Gain 

1-7 
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l -5 . SPECIFICATIONS,  MODEL 852 & 852-01 conti nued 

INPUT CHARACTE RIS TICS - conti nued 

Fu l l -S ca l e  S igna l at 0 dB Gai n :  

Absol ute max . Input : 

Max . DC component :  

OUTPUT C HARACTERISTICS 

± l 0 Vol ts (7. l V rms) DC to 300 K Hz ,  
decreasi ng to ± 4 Vol  ts (2 . 8 V rms) at 
l MHz (Divide these by l 0 at 20 dB Gain ) .  

± l 00 Vol ts 

H igh Pass:± 1 00 Vo l ts ,  0 dB gai n , ± 1 0  
Vo l ts ,  20 dB gai n 

Circuit :  S i ng le-ended , short-c i rcuit protected , may 
be d -c iso lated from power ground by rear pane l 
swi tch 

Impedance: 50 ohms , nom ina l  

Fu l l -S ca l e  S igna l : ± l 0 Vol ts (7. l V rms) DC to 300 K H z , 
decreas ing to ± 4 Vo l ts (2 . 8 V rms) at l MHz 
(R � 5 K ), ± 1 5  mA max . current 

L-

Broadband Noise at e i ther G oi n  Setti ng :  200 mi crovo l ts rms max . for l 00 KHz detector 
bandwidth 

Harmon ic  Compone nts: 
Input f = l K H z  8 0  d B  be l ow fu l I -sca l e  s igna l 

A-C L i ne-re lated Spurious Components: l 00 dB be l ow fu l l -sca l e  s igna l * 

DC Offset at 25°C : Withi n 5 mi l l ivo l ts at any fc setti ng 

Dri ft vs . Temperature :  300 mi crovo l ts/°C typ, l . 5  m i l l ivo l ts/°C max . 

Dri ft vs . Time (Typi ca l ) :  500 mi crovo l ts/wee k 

TYPICAL EQUIVALENT INPUT NOIS E SPECTRAL DE NSITY 

At f = l 0 H z  
f = 1 00 Hz  
f � l KHz  

250 nanovo I ts/ ffz 
l 00 na novol ts/ ffz 
40 nanovol ts/ ffz 



1 -5 . S PECI F ICAT I ONS,  M OD E L  852 8, 852 -01 conti nued 

GEN E RAL 

Power Requirements:  

Ope rating Temparature : 

S torage Temperature: 

Connectors: 

F l oati ng Ope rat ion :  

S i ze : 

Weight :  

Configuration : 

Accessories suppl i ed :  

1 1 5/23 0 V AC ± l 0% , 50-500 H z ,  5 watts 

0° C to + 50°C 

-20°C to + 70°C 

B N C's on front & rear pane l 

S l ide switch on rear pane l to di sconne ct 
c i rcuit ground from power ground . 

3 1 /211 H x 1 7" W x 1 311 D (8 . 9 cm x 43. 2 cm x 
33 cm) 

1 2  l bs .  (5 . 5  Kg ) Net ,  1 5  l bs .  (7 Kg) Shi ppi ng 

Ben ch-Top, convertib l e  to rack -mount 

2 Instruct ion Manua l s  

1 -9 
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2-1 . I NTRODUCT I ON 

SECT I ON I I  

OPERAT I ON 

The i nstrument is e l e ctri ca l l y operationa l  as shi pped from the factory . The 
fo l lowi ng paragraphs descri be i nspection,  power requi reme nts , i nte rconne ct ion , 
and operati on . 

2 -2 .  I NS PE CT I ON 

This i nstrument was care fu l l y  i nspected and tested prior to shipment . It was 
operated for a n umber of hours to reduce the probabi l i ty of ear l y fa i l ure . A fter 
unpacking the unit ,  i nspe ct i t  carefu l l y  fo r shippi ng damage . Che ck espe cia l l y  
for broken contro l s  and conne ctors, and dented o r  scratched cabi net parts . 
S hou l d  the i nstrument show any s igns of damage , fi l e  a c la im with the carrie r  
immediate l y .  Prese rve the carton and packi ng mate ria l s; they wi l l  be requi red 
by the carrier . 

I t  is recommended that conforman ce to speci fi cations be veri fied upon recei pt .  
I n  case of discrepancies , refe r to the warranty a t  the beg i nn i ng o f  this manua l . 

2-3 .  I NS TALLAT I ON A N D  POWER R EQU I REME NTS 

Mode l s  452 and 852 are designed for tabl e -top operati on or i nsta l l a tion i n  a 
standard 1 9-i nch RETMA rack . Ambient  temperature w ithi n the rack must not 
exceed +50°C whi l e  the i nstrument i s  operati ng . Other paragraphs i n  this 
section describe connections a nd switch setti ngs whi ch shou ld  be made before the 
unit  i s  i nsta l l ed .  

CA UT I ON 

A I ways ensure that the 1 1 5/230 vo l t  swi tch i s  set for the 
nomina l  l i ne vo l tage and that a fuse of the prope r rat i ng 
i s  i nsta l l ed i n  the i nstrume nt . I f  the switch i s  set i n corre ct l y 
or a fuse of the wrong rating is used , the i nstrument may be 
damaged or fa i l  to operate. 



The i nstrument wi l l  operate from ei ther 1 1 5  or 230 vo l ts ac ,  50-500 Hz. 
Converstion for l i ne vo l tage is performed with a s l ide swi tch mounted on the 
rear pane l (see F igure 2-1 ) . The un it i s  shipped with the swi tch set for 1 1 5 vo l ts .  
T o  change the setti ng , i nsert a smal l -b l ade screwdri ver  i n  the switch s l ot and 
move swi tch to expose 1 1 5 for 1 1 5 Yac operation ,  or 230 for 230 Yac operat ion . 

The i nstrument is shipped with a 1 /4-amp s low -b l ow fuse for 1 1 5-vo l t  or 230-vo l t  
operation . 

WARN I NG 

In  keepi ng with standard safety practi ce , the case of the 
i nstrument i s  grounded through the power cord . I f  the 
i nstrument must be connected to a two-wi re re ce pta cl e ,  
use a para l I e l -ground adapter and connect the short lead 
to ground . 

2 -4 .  C ON TROLS A ND I ND ICATORS 

Contro l s  and i ndi cators are shown i n  F igure 2-1  and described i n  Tab le  2 -1 . 
The descriptions i n  Tab l e  2-1 and the fol l owi ng paragraphs are not i nte nded to 
be complete operati ng i nstructions, but on l y  genera l  i nformation appl ying to 
a l  I modes of operation . Paragraphs 2-5 ,  through 2-10 descri be fi l ter settings, 
i n terconnection,  and typi ca l operating procedures . 
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NUMBE R  

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

Tab l e  2-1  • Contro l s  and lndi cators 

D ESCR IPT I ON 

On Swi tch : The swi tch i s  moved to the on 
pos i tion to supp l y power to the i nstrument  

Contro l s  and Ind i cators numbered 2 th rough 1 1  
pertai n  to Channe l  l : 

F i rst s ign i fi cant dig i t  of Cutoff Frequency 
setti ng , 0 - l 0 positi ons , conti nuous rotation 

A l ight-emitt ing d iode (L ED ) i ndi cates that 
power i s  on and a l so serves as a decima l  poi nt 
i nd i cator for the Cutoff F requen cy setti ng 

Second signi fi cant dig i t  of Cutoff F requency 
setti ng , 0 - 1 0 posi tions , conti nuous rotation  

Thi rd s ign i fi cant d ig i t  o f  Cutoff F requen cy 
sett i ng ,  0 - l 0 posi tions ,  conti nuous rotation 

Decima l  Mu l ti p l ier  of Cutoff F requen cy sett i ng , 
4 or 5 posi tions, dependi ng on opt ion 

Low Pass ( In ) or High Pass ( Out) se l ector sw itch 

Output B NC Conne ctor 

F l at De lay ( I n) or F l at Ampl i tude ( Out) se l e ctor 
swi tch 

20  dB Ga i n  ( I n) or 0 dB Gain  (Out) se l ector 
swi tch 

I n put B NC Connector 

Channe l 2 Contro l s  and I ndi cators are identi ca l 
to those of C hanne l l 

Channe l  2 Output B N C  Connector 

Channe l 2 I n put B N C  Conne ctor 

2 -4 
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NUMBER 

14 

15 

16 

17 

18 

19 

Table 2-1 • Controls and lndi cators 

DESCRIPTION 

Fuseholder for 1 /4 Amp slow-blow fuse for 
either 115 V or 230 V operation 

115/230 V line voltage selector switch 

Two position switch: connects signal ground 
to power ( and chassis) ground, or floats signal 
ground 

Channel 1 Output BNC Connector 

Channel 1 Input BNC Connector 

3-w ire power cord 
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2-5 .  I NPUT S I G NAL 

The maximum i n put s igna l  ampl i tude (at 0 dB Gain)  is specified as  ±1 0 Vo l ts 
(7 . l V rms) up to a frequen cy of 300 K Hz . Thi s  is the signa l am pl i tude 
wh i ch can be hand l ed l i near ly  by the i nstrument . Above 300 KHz the i n put 
s igna l hand l i ng capabi l i ty i s  reduced as shown i n  F ig . 2-2 . The reduction i s  
due  to  S l ew-Rate *  l imi tations of  the Operationa l Ampl i fiers employed i n  the 
i nstrume nt . 

Whe n  20 dB Gai n  i s  em pl oyed , the maximum i nput signa l  am pl i tude i s  ±1 • 0 
Vol t (0 .7 1  V rms) up  to 300 K Hz .  

± V  

1 0  

8 

6 

CAUTI ON 

I nput s igna l s  in excess of ±1 00 V i n  e i the r 
Gain  setti ng may damage the i nstrument . 

� � � 
� � � ............ 

4 

" � 
2 

0 
. 2  . 3  . 4  . 5  . 6  . 7 

Frequen cy (MHz) 
. 8  

F ig . 2 -2 Fu l l -Sca l e  In put S igna l  vs . F requency 

. 9  

* The te rm 11S l ew-Raten refers to the ab i l i ty of an Operationa l Amp l i fier  to 
fo l l ow fast changes i n  i n put s igna l and i t  i s  usua l l y  expressed i n  vo l ts/usec .  

1 . 0 
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V rms 

7 . 07 

5 . 65 

4 . 24 

2 . 83 

1 . 41 

0 
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2 -6.  TYPICAL  OPERA T I N G  PROC ED URES 

a .  Low - Pass or H igh-Pass F i l te r  

The operati ng mode o f  each channe l o f  the i nstrument i s  se l e cted w i th the 
H I  PAS S/L O PAS S  switch.  The pos i t ion of this  swi tch determ i nes  whethe r  the 
channe l is operati ng as a Low Pass ( I N) or H igh  Pass ( OUT) fi l te r .  

I n  the Low Pass mode of operation the passband o f  the fi l te r  extends from D C  
to the cutoff freq uen cy whi ch i s  defi ned b y  the sett i ngs  of the three CUTOFF  
FREQ UE NC Y  d ia l s  and  the MULT IPL I E R . I n  the H igh  Pass mode of ope ration the 
passband exte nds from the cutoff frequen cy sett i ng to the upper 3 -dB poi nt of 
the i nstrument  (approximate l y  2 MHz for Mode l  452 and l MHz for Mode l 852) . 

b .  Response Sele cti on  

The desi red type of response for each chan ne l i s  se l e cted wi th the F LA T  A MPL/ 
F LAT D ELAY swi tch . The posi tion of th is  swi tch determines whethe r the res ponse 
of the channe l is a Butterworth response ( OUT) or L i near  Phase response ( I N) .  

The B utterworth characte ri sti c provi des a maxi ma l l y  fl at  ampl i tude response whi ch 
is  3 dB down at the cutoff frequency . Beyond the cutoff freque n cy the ampl i tude 
response ro l l s off at a rate of 24 dB/octave ( 80 dB/de cade) for the Mode l 452 
and 48 dB/octave ( 1 60  dB/de cade) for the Mode l 852 . 

The Low-Pass o r  H igh-Pass Butte rworth response for eithe r  mode l may be dete r­
m i ned by sca l i ng the norma l ized pl ots g i ve n  i n  F igures 2 -3,  2 -4, 2 -5 a nd 2 -6 .  
To dete rm ine  the freq uen cy response for a parti cu l a r  C utoff F reque ncy se tti ng , 
the norma l ized sca l e  on these pl ots shou ld be mu l ti pl ied by the c utoff freque ncy . 
For  exampl e ,  i f  the cutoff freque ncy i s  set to 500 Hz Low -Pass , the n  11 l 11 on the 
norma l ized sca l e  represe nts 500 Hz , 112 11 represents l 000 Hz and 11 .

5
11 represents 

250 Hz . 

The L inear  Phase or F l at De lay  chara cte ri sti c provides a response whi ch i s  usefu l 
for fi l te ri ng squarewave or pu l sed waveforms with m i nimum overshoot and ri ngi ng . 
Whi l e  this response i s  avai l a b l e  i n  e i the r Low -Pass o r  H igh -Pass modes of ope ration , 
i ts pri mary use fu l ness is i n  Low -Pass mode . 

Norma l ized Low Pass Phase and De l ay cha racteristi cs a re g ive n  i n  F igures 2 -7, 
2 -8, 2 -9 and 2 -1 O. For  compari son , these figures i n c l ude Phase and De l ay 
characte risti cs for the Butterworth response . 

The procedure for determi n i ng the Phase o r  De  l ay response fo r a parti cu l a r  Cutoff 
F requen cy from the norma l ized p l ots is the same as out l i ned  for the am pl i tude 
response . The actua l De l ay i n  se conds is equal  to the va l ue obtai ned from the 
plot divided by the va l ue of cutoff frequen cy . 



c .  Gai n  Se l ection 

The passband gain of ea ch channel i s  sel ected wi th the 0 dB GA I N/20 dB GA I N  
Switch. The posi tion of this swi tch determ ines whether the channel i s  operat ing 
with 0 dB Gai n ( OUT), or 20 dB Gai n ( I N ) . 

The 20 dB Gai n  pos i tion i s  usefu l when fi l teri ng l ow-l evel s igna l s . S ince output 
noise of the fi l ter i s  i ndependent of the gai n  posi tion, a 20 dB effecti ve improve­
ment in dynami c  range i s  achieved . 

d .  Band -Pass F i  I te r 

The two channel s of the instrument, one i n  H igh-Pass and the other i n  Low-Pass 
mode, may be cascaded as shown i n  F ig . 2 -1 1 to provide Bond-Pass operation . 
F l at Ampl i tude (Butterworth) response shou ld  be uti l ized i n  both channel s .  

When  channel s  are cascaded for Band-Pass operation, the i nput sig na l shou ld b e  
connected to the H igh-Pass channel ( I N  l ) , and the output o f  th i s  channe I (OUT l )  
shou l d  be connected to the i n put of the Low-Pass channel ( I N  2) . The output 
s igna l  i s  avai I ab le  at OUT 2 .  

The passband i n  this  con figuration extends from the H igh-Pass Cutoff F requen cy to 
the Low -Pass Cutoff Frequency setti ng . Maxim um passband gai n  of 40 dB i s  
avai l ab l e. I f  on l y  20 dB gai n is des i red, channel  l shou ld  be set to 20 dB  gain and 
chan nel 2 shou ld  be set to 0 dB gai n . 

CAUT I ON 

Reversi ng the gain sett i ngs wi l l  i ncrease the output noise 
of this configuration, because chann el 2 wi l l  ampl i fy the 
output noise of channel l .  

The overa l I response of thi s  configuration may be determ ined by combi n i ng the 
norma l ized plots g iven i n  Fig ures 2 -3 through 2-6 .  

The narrowest Band-Pass i s  obtai ned by setti ng H igh-Pass and Low-Pass Cutoff 
F requencies to the same va l ue f0• I n  this case an  i nsertion l oss of approximatel y 
6 dB is produced at f0• For the Model 452, the 3-dB bandwidth extends from 
0 . 8  f0 to 1 . 25 f0 and i s  equa l to 0 . 45 f0• This corresponds to a Q of 2 . 2 .  For 
the Model 852, the 3 -dB bandwidth extends from 0 .  9 f0 to l .  1 2  f0 and i s  equal 
to 0. 22 f0• Th is corres ponds to a Q of 4 .  5 � In  this mode of operation , both 
i nstruments operate as constant - Q, or  constant % - Bandwidth fi l ters . 

2 -8 
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e .  Band -Reject F il ter  

The two channe l s  of the i nstrume nt, one in  H igh-Pass and the other  i n  Low-Pass 
mode, may be connected i n  para l l e l ,  as shown i n  F ig . 2-1 1 to provide Band­
Re ject operat ion . F l at Am pl i tude response shou l d  be uti l ized i n  both channel s . 

The i nput s igna l shou ld be connected to both i nputs ( I N  l and I N  2) . The outputs 
( OUT l and OUT 2) shou ld  be summed through l K ,  l % resistors . The output 
s igna l  i s  avai lab le  at the common poi nt of these res i stors . This connection produces 
a passband i nsert ion loss of  6 dB . 

CAUT ION 

Both channe I s  must be  set to the same ga i n  setti ng . If 
they are both set to 0 dB gain,  the output wi l I be 6 dB 
below the i nput l evel in the passband .  If  they a re both 
set to 20 dB gain,  the output wi 11 be 1 4  dB above the 
i n put l eve l  i n  the passband . 

The re ject ion band i n  this configuration extends from the Low -Pass Cutoff Frequency 
to the H igh-Pass Cutoff Frequency . Agai n,  the overa l l response may be determ i ned 
by comb in i ng the norma l ized p lots g iven i n  F igures 2-3 through 2-6 . 

f. Sharp-Notch F i l te r  (Mode l  452 on ly) 

The S harp-Notch response shown i n  Fig . 2 -1 2  i s  a specia l case of Band-Rej ect 
operation of Mode l 452 . I nput s igna l , channel connections, etc . shou l d  be 
made as descri bed under Band -Reject fi l tering . 

To obta in  a notch (or nu l l )  at a desi red freque ncy f0, the H igh-Pass C utoff F requency 
i s  set to l . 75 f0 and the Low-Pass C utoff Frequency i s  set to 0 . 57 f0• For 
optimum re j ection the H igh-Pass and Low-Pass sett i ngs shou ld  be a l ternati vel y 
ad justed, start i ng with the l east s ign i fi cant  d ig i ts .  

CAUT I ON 

Whi l e  the maximum rej ect ion obtai nab l e i n  this mode of 
operation a pproaches the noise fl oor of the i nstrument, the 
maximum measurab l e  rejection may be l im i ted by the harmon i c  
content of the i n put si newave . I n  this mode o f  o perati on,  i t  
i s  thus possi b l e  to use the i nstrument fo r  d istortion ana l ys i s . 



g. Low Pass or High Pass Fi lter wi th Doubled Roi I off 

The two channels of the instrume nt may be cascaded as shown in Fig. 2- 1 1 . The 
Cutoff F requen cies of both cha nnels are set to the same value and both chan nels 
a re set to eithe r  High Pass, or Low Pass. Flat Amplitude response is utilized i n  
both channels . Signal and chan nel conne ctions are made as described under 
Band -Pass F ilte r and gain settings should also be made in accordan ce with the 
instructions given under Band-Pass Filte r. 

The ove ra l l response of this configuration may be d ete rmined by combining the 
normalized plots give n in Figures 2-3 through 2-6. The Response at the Cutoff 
F requen cy wi II now be 6 dB down and Roll off wi I I  be 48 dB/octave for Mode I 
452 a nd 96 dB/octave for Mode l 852 . 

2 -7. OUTPUT SIGNA L 

2 -10 

Full -scale output signal is specified as± l 0 Volts and± 15 mA , max . Above 300 KHz, 
the output signal wi l l  follow the reduction in in put signal shown in Fig . 2-2 ,  
provided the current  required b y  the load conne cted to the instrume nt does not 
exceed the maxi m um value of± 15 mA. Heavy capaciti ve loads can easily exceed 

this current at high frequenc ies. For example, 25 feet of RG-58 cable 
is equiva l e nt to a ca pa citan ce of 750 pf , which requires± 1 5  mA curre nt at 300 KHz. 

2 -8. CUTOFF FREQUE N CY OV E RRA N GE 

The unmarked position between  0 a nd 1 0  on the Cutoff F reque n cy d i a l s is an a ct ive 
position corresponding to the digit 1 1 . If a l l Cutoff F reque ncy dials are set to this 
position a maximum setting of 1 22.1 ( 1 1 0  + 1 1  + 1 . 1 )  is avail able. 

This position provides a 1 (1% overrange relative to the s pe cified maximum setting 
of 1 1 1 • 

2 -9 .  MINIMUM CUTOFF F RE QUE NCY SETTING 

The minimum va l id setting of the Cutoff F requen cy dia l s  is 0.0 1 . The setting 0. 00 
is not va l id. 

2-10 CUTOFF FREQUENCY RESOLUTION 

The Cutoff F requen cy dia l s  should always be set for maximum reso lution . For exampl e, 
a cutoff frequen cy of 500 Hz may be set as 5 . 00xlOO, 0 . 50xl K ,  or 0 . 05x10K. Of 
the above choices, 5 . 00xl OO is the proper setting. 
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SECT I O N  I l l  

PR I N C I PLES O F  O PERAT I O N  

3 -1 . I NTRODUCT I ON 

Th i s  section describes the basi c pri n ci p l es of ope ration of Mode l s  452 and 852 
D ua l  H i/Lo  Fi l te rs .  Fig . 3 -1 is a B l ock  D i ag ram of Mode l 452 and Fig . 3 -2 
i s  a B l ock  D iag ram of Mode l 852 . 

3 -2 .  M ODEL 452 

The i n put s igna l of Channe l l is a pp l ied th rough a 0 dB/20 d B  I n put Atte n uator , 
wh i ch control s the two ava i l ab l e  ga i n  posi tions,  and i s  fol l owed by a hig h  
i nput i m pedance buffe r am p l i fi e r .  The I n put Atten uator provides a constant 
l Megohm i nput res i stan ce in  e i ther posi ti on . The output of the B uffe r am pl i fi e r  
i s  appl ied to a cascade of two " 2 nd -Order Prototypes" . A "2 nd -Orde r Prototype" 
i s  an  acti ve RC , 2nd-order (12 dB/octave) fi l ter  secti on whi ch i s  used as a bui l d i ng 
b l ock to synthes ize hig he r-order fi l te rs . The ga ins of these stages at de and at 
cutoff a re as fol l ows : 

I n put Attenuator 
I n put Buffe r 
l st Prototype 
2nd Prototype 
Ove ra l  I (OUT /I N )  

Ga i n  a t  d e  
0 . 0  d B/ - 2 0 . 0 d B  

+ 1 1 • 8 dB  
+ l . 2 . d B  
+ 7 . 0  d B  

+20.0 dB/0 . 0 dB 

G ai n  at fc 
0 . 0  dB / - 20 . 0  dB 

+ l l  . 8  dB 
- 4.  l dB 
+ 9 .3  dB 

+ 1 7. 0 dB/ - 3 .  0 dB 

Cutoff Freque ncy control i s  obta i ned by chang ing the res istors of  the fi l te r  stages  
i n  8 - 4 - 2 - l BCD ste ps . The ca pac i tors a re cha nged i n  decade ste ps and 
Option -01 adds an extra set of capa ci tors to exte nd the cutoff frequency cove rage . 

The output sig na l  i s  ava i l ab l e  after the 2nd prototy pe th rough a 50-ohm (or, 
optiona l l y ,  600-ohm ) res istor . The output of the buffe r ampl i fi e r  i s  avai l ab l e  at  
Test Poi n t  T P - l ; the output of the l st prototype at  T P - 2 .  

Channe l 2 i s  i denti ca l  to Chan ne l l .  Both channe l s  a re powe red from one mai n 
powe r suppl y,  through sepa rate ± 1 5  V de dua l -tracki ng reg u l ators . 



3 -3 .  MODEL  852 

The i nput s igna l of Channe l l is appl ied th rough a 0 dB/20 dB I nput Atte nuator, 
wh i ch control s the two ava i lab le  gain pos iti ons,  and i s  fo l lowed by a h igh i n put 
i m pedance buffe r ampl i fie r .  The I nput Attenuator provides a constant l Megohm 
resistan ce i n  e i ther pos iti on . The output of the B uffer ampl i fier  is appl ied to a 
cascade of four "2nd-Order Prototypes" . A " 2nd-Order Prototype" is an active 
RC , 2nd-order (12 dB/octave) fi l ter secti on whi ch i s  used as a bui l d i ng b l ock to 
synthesize higher-orde r fi l ters . The gains of these stages at de and at cutoff a re 
as fol l ows : 

I n put Attenuator 
I nput Buffe r  
l s t  Prototype 
2nd Prototype 
3 rd Prototype 
4th Prototype 
Overa l l (OUT/I N)  

Gain  a t  de  
o�o  dB/ - 20 . 0  dB 

+3 .4 dB 
+0 . 3  dB 
+2 .5 dB 
+5 .5 dB 
+8 . 3  dB 

+20 . 0  dB/0 . 0  dB 

Gai n at fc 
0 . 0  dB/ - 20 . 0  dB 

+3 . 4  dB 
-5 . 5  dB 
-1 • 9 dB 
+4 . 6  dB 

+16 . 5  dB 
+ 17 . 0 dB/ -3 . 0 dB 

Cutoff Freque ncy control i s  obtai ned by chang ing the resistors of the fi l ter  in  
8 - 4 - 2 - l BCD steps. The ca paci tors a re changed in  de cade steps and 
Option -01 adds an extra set of capaci tors to extend the cutoff frequency 
cove rage .  

3 -2 

The output signa l is ava i I ab le  after the 4th prototype th rough a 50-ohm (or, optiona l l y,  
600-ohm ) resistor. The output of the buffe r ampl ifi e r  i s  avai l ab l e  at Test Poi nt TP  - 1; 
the output of the 1st prototype at TP  - 2;  the output of the 2nd prototype at TP  - 3 ;  
and the output of the 3 rd prototype at TP  -4 . 

Channe l 2 i s  identica l  to Channe l 1 .  Both channe l s  are powe red ft'om one mai n 
powe r suppl y,  th rough sepa rate ± 15 V de dua l -tracking regu l ators . 

3 -4 .  2 nd - ORD ER  PR OT OTY PE 

F igure 3 -3 is a s imp l i fied from of the l ow-pass 2nd-order prototype . The h igh-pass 
prototype is identi ca l to the ci rcuit of F igure 3-3 exce pt that the pos iti on of 
resistors R and capacitors C is i n terchanged . I n  both Mode l s  the i nterchange i s  
e ffected by the H i  Pass/Lo Pass swi tch . 

The ampl i tude response of th i s  ci rcui t is shown i n  F ig . 3-4 .  



I 0 dB  GAIN,20 dB  GAIN] 
I 
1 
I 

IN PUT � IN 1 I >IATTENUATOR I 
IN PUT 
BUFFER 

T P-1 

CUT OFF FREQUENCY -Hz 
HI PASS/L O PASS 

FLAT A MPL/FLAT D ELAY 

r----- L ----, 
I I 
I 
I ) T P-2 

I 
I 

I 1 >I 2nd -ORD ER 2 nd -ORD ER I I > OUT 1 
1st � 2nd 

PR OT OTYPE PROTOTY PE 

C HA N NEL 1 MAINB OA RD ASS'Y 

+15V I I O I -1 SV 

IN 2� 

POWER 
SUPPLY 
A SS1Y 

OPT ION -01 
ASS1Y 

(Channe l  1) 

O PTION -01 
ASS'Y 

(Channe l  2 )  

C HA N N EL 2 MAIN B OA RD ASS'Y 
( ldenti  ca I to Channe I 1) 

Fig . 3-1. Mode l  452 B l ock D i ag ram 

�OUT 2 

w 
I w 



lo dB  GAIN/20 dB GA I N  I 
I 

I 
I 

I N  1 I � I N PUT H I N PUT 
ATTEN UATOR BUF FER 

+1 5V 

I N  2-7 

CUT OFF FREQUENCY-Hz 
H I  PASS/LO PASS 

FLAT AMPL/FLA T DELAY 
I 
I 

r- - - - -r--i- - �-----� 
I f I I 

9 T P-1 I 

st 2nd � 2nd -ORDER 2nd-ORDER 
PROTOTYPE PR OT OTY PE 

C HA N N EL 1 MAINB OA RD ASS1Y 

0 

POWER 
SUPPLY 
ASS'Y 

- 1 5V I 
OPT I ON -01 

ASS1Y 
(Channe l 1 )  

OPT I ON -01 
ASS1Y 

(ChTne l 2) 

CHA N NEL 2 MAINBOARD ASS1Y 
( Identi ca l  to Channe l l )  

Fig . 3 -2 .  Mode l 852 B l ock D iagram 

I 

3rd t 
2nd-ORD ER 2nd -ORD ER I 
PROTOTYPE PR OTOTYPE 

I) OUT 1 

� OUT 2 

w 
I � 



3-5 

It i s  seen that the response of the ci rcui t  may be a l tered i n  the vi ci nity of the 
cutoff frequency by chang i ng the va l ue of damping /3 . The dampi ng is a 
function of the ga in  of the ope rationa l am pl i fier whi ch , i n  turn , is determ i ned 
by the rat io of resistors R l  and R2 . 

L ikewi se , the ove ra l l response of a cascade of such prototype secti ons may be 
tai l ored by appropriate se l ect ion of dam pi ng and the desi red h ighe r-order fi l ter 
may thus be synthesized . 

I n  the Mode l  452 , a fourth order F l ot-Amp l i tude , or Butte rworth fi l te r  ( per channe l ) 
i s  synthesized i n  th i s  manner, w�i l e  on e ighth -order Butterworth fi l ter is synthesized 
i n  the Mode l 852 . The F l at-De l ay or L i near Phase response is obtai ned i n  e i ther 
m ode l by a ppropriate changes i n  the dam ping of the prototype se cti ons . 

R 

IN 

R 

c c 

I 

F ig . 3 -3 .  2nd Order Low -Pass Prototype 

OUT 

RI 

R2 
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4-1 . I NT R OD UCT I ON 

S EC T I ON IV 

MA I NTE NA NC E  

This  sect ion descri bes recomme nded test procedures to ve ri fy that the i nstrument  
meets i ts pe rforma n ce spe ci. fi cations . In  addition , ad justme nt proced ures a re 
described , so that an  i nstrument may be ca l ibrated to meet i ts s pe ci fi cations . 
Troub l eshooti ng  a nd re pai r  procedures a re a l so i n c l uded . 

4-2 . REC OMM E N D ED TEST EQ U I PME N T  

The re comme nded test equi pment a nd i ts use i s  l isted be l ow :  

Descri ptio n  
(Feature )  

Osei I l oscope 

D ig i ta l  Mu l time te r  
( 1 00 uV de  reso l ution ) 

AC Vo l tmete r 
( 1 %  accura cy) 

RMS Vo l tmeter 
(True RMS) 

Freque n cy Synthesize r 
( )  -70 dB harmon i cs at 1 K Hz )  

Band-Pass Fi I te r 
(24 dB/oct rol l off, 40 dB Gain )  

S pe ctrum Ana l yzer  
(20 Hz - 300 K Hz )  

S pe ctrum A na l yzer  
( 5 Hz  - 50 K Hz ) 

Mode l 

Tektronix  475 

Ke i th l ey 1 68 

H P  400FL 

Bal l ant i ne 3620A 

Rock  I a nd 5 1 00 

Rock l and 452 

H P  1 41 T D isp l ay 
8556A L F  Section 
8552B IF S e ct ion 

H P  358� 

Tests 

Waveform viewi ng 

DC Offset 

Passband Gai n ,  
C utoff Frequen cy A ccura cy 

B roadband Noise 

Passband G a i n ,  
Cutoff Frequen cy A cc uracy,  
Max . S to pband Attenuation , 
Harmon i c  Components 

B roadband N oi se 

Max . Sto pband Atten uation 

Harmon i c Compo ne nts , 
AC L ine-re l a ted S purious 



Descri ption 
(Feature)  

Gai n/Phase Meter  
( 1 Hz - 1 3  MHz ) 

50 - ohm Te rmination 

5 K l oad resi stor 

Mode l Tests 

H P  3575A Adj ustments 

1 K Hz Notch F i l te r  Assemb le  as shown 
be l ow 

Harmon ic  Components 

IN 

O .  01 uf 0. 01 uf 

1 5 . 9 K  1 5 . 9 K 

0 . 01 
uf 

Al I components ± l % 

F ig . 4-1 . 1 K Hz Notch F i l te r  

WA RNIN G 

The spec i fi cations of these i nstruments cannot be veri fied , un l ess 
the recommended equi pment (or eq ua l )  is uti l ized i n  test . In 
parti cu lar, Function Generators cannot be used i n  place of 
the re commended signa l source . Functi on Generators produce 
h igh  harmon i cs i n  the i r  output waveform and w i l l  cause con ­
siderab l e  errors i n  certa in tests requi ri ng the use of a s igna l 
source . 

OUT 
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5 1 00 
Fre�uency -

Synt  esizer 

S hort -

51 00 
Freq uen cy -

Synthesizer 

5 1 00 
Frequency -

Synthesizer 

50 
CUT - 5 K  ohm 

Setup # l 

452 CUT 
B -P F i l ter 

Setup # 2 

50 - C UT - 5K  
ohm 

Setup # 3 

50 - L PF - CUT 
ohm 

400FL 
AC . Notch 

Vol tmeter F i l te r  

Setup # 4 

Fig . 4 . 2 .  Performance Test Setups 
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4-3 . PERFORMANCE TESTS 

The fol l owing Performan ce Tests are procedures whi ch can be used to veri fy 
that the i nstrument is operati ng proper ly  and meets the spe ci fi cati ons l isted 
be l ow .  Al I spec i fi cati ons app ly  to Butterworth ( F l at Ampl . )  response and al I 
Pe rformance Tests are performed with the F l at Am pl ./F l at De l ay switch i n  the 
F l at Am pl . posit ion . 

Paramete r 

Passband Gai n  Accuracy 

Cutoff F req uency Ca l ib rati on 
Accuracy 

D C  Offset 

Broadband N oise 

Maximum Stopband Atte nuation* 

Harmoni c Com ponents* 

AC Li ne -re l nted S purious 
Com ponents* 

S pecifi cation 

Mode l 452 

0 ±0 . 25 dB I 

20  ±0 . 25 dB 
( ±0 . 5 dB I Hp Ix l OK ) 

±2% 

0 ±0 . 5  mV de 

l 00 uV rms , max . 

90 dB 

-90 dB 

-1 1 0  dB 

* re l ative to fu l I -sca l e  signa l  of 7. l V rms ( +1 7 dBV) 

a .  Passband Gain  Accuracy ( See Fig . 4-3 )  

Mode l 852 

0 ±0 . 5  dB I 

20 ±0 . 5  dB 
(±l dB , H P , x l OK) 

±2% 

0 ±2 . 5  mV de 

200 uV rms , max . 

90 dB 

-80 dB 

-1 00 dB 

Connect equi pme nt as shown in Setup # 1 . Set F requency Synthesizer output 
to 0 . 71 V rms and measure passband gai n  of the Channe l Under Test (CUT) 
for the setti ngs shown in Tab l e  4. l • 



b .  Cutoff Frequency Ca l i bration A ccuracy (See F ig . 4-3) 

With the eq ui pment connected as shown in Setup # 1 ,  set CUT gain  to 0 dB 
and the Frequen cy Synthesizer output to O. 0 dBV . At each Cutoff Frequen cy 
setti ng shown i n  Tab le  4 . 2  set the Synthesizer frequency equa l to the Cutoff 
Frequency setti ng . 

The ± 2% spec ifi cation on Cutoff Frequency Cal i brati on A ccuracy is met i f 
the output l eve l fa l l s wi th i n  the to l e rance l i m its shown i n  Fig . 4-3,  name ly :  

Mode l 452 

Mode l 852 

c .  DC Offset 

-3dBV ± 0 . 6  dB 
( -3dBV ± 0 . 85dB , in x l OK ,  H P) 

-3dBV ± 1 • 2dB 
( -3dBV ± l . 7dB , i n  x l OK ,  H P) 

Connect a short a cross the i nput con nector of the Channe l Under Test (CUT) and 
the DC Mu l timeter across the output conne ctor . A l  l ow at least 1 0  minutes for 
the i nstrument  to worm up under i ts own power and measure the DC Offset for the 
setti ngs shown in Tob i e  4 . 3 .  

d .  Broadband Noise 

Connect eq ui pment as shown i n  Setup #2 .  Connect a short across the input 
connector of the Cha nne l U nder Test and set the Ground/F loat swi tch on the 
rear pane l  to the F l oat position . Turn off a l l unused equi pment in the vi ci n i ty 
of the test area and disconnect i t  from the i nstrument  under test . 

Conne ct the 452 Post F i l ter/Ampl ifier as a Bond -Pass fi l ter wi th the fo l l owi ng 
setti ngs : 

4-6 

C H  1 :  O .  01 x 1 0  Cutoff Freq uency 
Hi Poss 

C H  2 :  1 0 . 00 x 1 O K  Cutoff Frequen cy 
Lo Poss 

20  dB Gain  
F l ot Ampl . 

20 dB Gain  
F l ot Ampl . 
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With the above sett i ngs , the 452 Post F i l te r/Ampl i fier  provides 40 dB of gai n and 
estab l ishes a noise measurement  bandwidth of O .  l Hz to l 00 KHz . (A noise 
bandwidth of 1 00  K Hz is,  for a l l practi ca l  purposes , eq ua l  to the 3 -dB band ­
width of a 4th -order fi l ter . )  

Measure noise with the 3620A RMS Vol tmeter  fo r  the CUT setti ngs shown i n  
Tab le  4 .4 .  Output Broadband Noise o f  the CUT is ca l cu l ated as fo l l ows : 

Output Noise = 
1 00 

e .  Maximum Stopband Attenuation 

x Vo l tmeter Readi ng 

Connect eq ui pme nt as shown i n  Setup # 3 and set the Channe l Under Test as fo l l ows : 

l . 00 x l 0 K Cutoff Frequen cy 
Hi Pass 
20 dB Gain 
F l at Ampl . 

Set the 5 1 00 Frequency Synthesizer to l 00 KHz and i n crease its output ampl i tude 
unti I CUT output is equa l  to fu l l -sca le  s ignal  of 7. l V rms ( + 1 7  dBV ) • 

Set the 1 41 1  S pectrum Ana l yzer contro l s  as fo l l ows : 

I nput Leve l 
Bandwidth 
S can Width 
S can  T ime 
Log Ref Leve l  

-1 0 dBV 
300 Hz 
2 KHz/div  
50 msec 
Ad j ust for ful I -sca l e  Displ ay afte r tuning ana l yzer  
to  1 00 K Hz 

Set the CUT and i nput frequency to the va l ues shown i n  Tab l e  4 . 5 . I n  each case , 
tune the S pectrum Anal yzer to the i nput frequency and increase In put Level contro l 
setting to -60 dBV . Read the ampl i tude of the signa l displ ayed on the scree n . 
The Maximum Stopband Attenuation with respect to ful l -sca l e  signa l is ca l cu lated 
as fol l ows: 

A = (50 dB + Display dB) 



f .  Harmon i c  Compone nts 

Be cause of the extre me l y  l ow d istort ion of  these i nstrume nts , a s pe ci a l  measure ­
ment procedure must be em ployed . The arrangement shown i n  Setup # 4 i s  re ­
commended . Here ,  the unused channe l of the i nstrume nt i s  emp loyed as a Low ­
Pass F i l ter  t o  redu ce the harmoni c compone nts of  the 5 1 00 Frequen cy S ynthes ize r 
to l eve l s  of  - 1 00 dB or l ess . The output of  the Channe l U nde r Test (C UT) i s  
v iewed on the 3580 A S pectrum A na l yzer d i re ct l y ,  or through  a passi ve Notch 
F i l te r  cente red on the measurement freq ue n cy . For the va l ues shown,  the N otch 
F i l te r  w i  I I  atte nuate the fundame nta l ( 1 K Hz ) by  at l east 50 dB , whi l e  the 
2 nd harmon i c  is atten uated 1 0  dB and the 3 rd harmoni c 6 dB . 

Set  the Synthesize r frequen cy to 1 .  000 K Hz a nd the Low Pass F i l te r  to a Cutoff 
F requency of 1 • 00 x 1 K ,  0 dB Gai n ,  F lat Am pl • response . Set the Channe I 
U nde r Test as fol l ows :  

1 • 00 x 1 0  C utoff Frequency 
H i  Pass 
20 dB Gai n 
F l at Ampl . 

I n crease Synthesizer  ampl i tude u nti l fu l l -s ca l e  s igna l of  7 . 1  V rms ( + 1 7  dBV ) 
a ppears at the output of the CUT . 

Connect the 3580 A S pe ctrum Anal yze r  to the output of  the C U T  and set i ts 
contro l s  as fo l l ows : 

Bandwidth 
F req . S pan 
S wee p Ti me 
D is pl ay 
I n put Sens iti v i ty 

3 0  Hz 
. 5  KHz/d i v  
1 se c/d iv  
L OG ,  1 0  dB 
+ 1 0  dBV 

4-8 

I n put Sensit i vity Vernie r : Ad j ust to obta i n  fu l l -s ca l e  (O  dB)  D isp lay 
at 1 K Hz . 

Ampl i tude Ref Leve l Norma l 
Connect the S pectrum Ana l yzer  to the output of the Notch F i l te r  and i ncrease 
I n put Sensi t iv i ty to -30 dBV . Read the am pl i tude of each harmoni c com pone nt 
d isp l ayed on  the screen . Harmon i c  Components at the output of the CUT w i th 
respe ct to fu l I -sca le  sig na l are ca l cu  l a ted as fo l l ows : 

2nd Harmoni c =:  -(40 dB + 2nd H arm . D i s pl ay dB)  + 1 0  dB  
3 rd Harmoni c =:  -(40 dB + 3rd Harm . D i spl ay dB) + 6 dB 
4th Harmoni c =: -(40 dB + 4th Harm . D i spl ay dB)  + 4 dB 
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g .  A -C L i ne -re l ated Spurious Com ponents 

C on ne ct a short a cross the i n put con ne ctor  of the Chan ne l Unde r Test and the 
3580A Spe ctrum A na l yzer to the output conne ctor .  Se t the G round/F l oat  swi tch 
on the rear pane l to the F l oat posi ti o n  a nd turn off a l l other  equ i pme nt in the 
vi ci n i ty of the test a rea . D isconne ct a l l  othe r equi pme nt from the i nstrument  
under test . 

Set the Cha nne I Under Test as fol l ows : 

1 0 . 00 x 1 0  K Cutoff Freq uen cy 
Lo  Pass 
0 d B  Ga i n 
F l at Ampl . 

Set the 3580A Spe ctrum A na l yze r control s as fo l l ows : 

I n put Sens i ti vi ty -30 dBV 
I n put Sens i ti vi ty Vern ier : CA L 
Bandwidth 3 H z  
Freq . Span 20 Hz/di v 
Swee p  T ime : 5 se c/d iv  
D i s pl ay L OG ,  1 0  dB 
Am p l i tude Ref Leve l N orma l 

Obta i n  a comp lete swee p on the a na l yzer screen and measure the amp l i tude of the 
D ispl ay at l i ne freq uen cy a nd mu l ti p l es (x2 , x3) of the l i ne freq uen cy . L i ne -re l a ted 
s puri ous com ponents at the output of the CUT wi th respect to fu l l -s ca l e  s igna l 
( + 1 7 dBV ) a re ca l cu l ated as fol l ows : 

Spurious = - ( 4 7  d B  + D i spl ay d B  ) 
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PERF ORMA NCE TEST RES ULTS 

Rock l and Mode l 452 Opti on- Test By 

D ua l  H i/Lo F i l ter 

Seri a l  Number 

Channe l  

Cutoff 
Freq uency 

1 0 . 00 x 1 K 
1 0 . 00 x 1 K 

1 .  00 x 1 K 
1 .  00 x 1 K 
1 • 00 x 1 OK 
1 .  00 x l OK 

Cutoff 
Frequency 

1 0 . 00 x 1 OK 
1 0 . 00 x l OK 

1 . 00 x 1 OK 
l . 00 x 1 OK 

1 0 . 00 x l K 
l 0 . 00 x l K 
1 0 . 00 x l 00 
l 0 . 00 x l 00 
1 0 . 00 x l 0 
1 0 . 00 x l 0 

Option-01 : 
l o . oo x l 
l 0 .  00 x l 

Mode 

L P  
L P  
H P  
H P  
H P  
H P  

Mode 

L P  
H P  
L P  
H P  
L P  
H P  
L P  
H P  
L P  
H P  

L P  
H P  

--------

Date 

2 

Tab l e  4 .  1 .  Passband Gain  Accuracy 

I n put Passband Gai n 
Gain  Freq uency S pe ci fi cation 

0 dB 1 K Hz 0 ±  . 25 dB 
20 dB 1 K Hz 20 ± . 25 dB 

0 dB 1 0  K Hz 0 ± . 25 dB 
20 dB 1 0  K Hz 20 ± . 25 dB 

0 dB 1 00 K Hz 0 ± . 5  dB 
20 dB 1 00 K Hz 20  ± . 5  dB 

Tab le  4 . 2 .  Cutoff Frequen cy Ca l i brati on Accuracy 

I nput 
Frequency 

l 00 . 0  K Hz 
1 00 .  0 K Hz 

1 0 . 0 KHz 
1 0 . 0  K Hz 
1 0 . 0  KHz 
l 0 . 0 KHz 

l . 0  KHz 
l . 0  KHz 
1 00 Hz 
1 00 Hz 

1 0  Hz 
1 0  Hz 

Output I eve I 
S pe ci fi cation L imi ts 

-2 . 40 dBV to -3 . 60 dBV 
-2 • 1 5  dBV to -3 . 85 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 1 5  dBV to -3 . 85 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3. 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 

-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 

Measured 

Measured 
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R ock l and Mode l 452 

Tab l e  4 . 2 .  Cutoff F requency Ca l ibrati on Accuracy - conti n ued 

Cutoff 
F requen cy 

l 0 . 00 x 1 K 
9 . 00 x 1 K 
8 . 00 x 1 K 
7 .  00 x 1 K 
6 . 00 x 1 K 
5 . 00 x 1 K 
4 . 00 x 1 K 
3 . 00 x 1 K 
2 .  00 x 1 K 
1 • 00 x 1 K 
l . 00 x 1 K *  
0 .  9 0  x 1 K 
0 . 80 x 1 K 
0 . 70 x 1 K 
0 . 60 x 1 K 
0 . 50 x 1 K 
0 . 40 x 1 K 
0 . 30 x 1 K 
0 . 20 x 1 K 
O . l O x l K  
O . l O x l K* 
0 . 09 x l K  
0 . 08 x 1 K 
0 . 07 x 1 K 
0 . 06 x l K  
0 . 05 x 1 K 
0 . 04 x 1 K 
0 . 03 x l K  
0 . 02 x 1 K 
O . Ol x l K 

Mode 

L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  
L P  

I n put 
F requency 

1 0 . 00 K Hz 
9 . 00 K Hz 
8 .  00 K Hz 
7 .  00 KHz 
6 .  00 KHz 
5.  00 K Hz 
4 . 00 K Hz 
3 . 00 K Hz 
2 . 00 K Hz 
1 . 00 KHz 
1 . 00 KHz 
900 Hz 
800 Hz 
700 Hz 
600 Hz 
500 Hz 
400 Hz 
3 00 Hz 
200 Hz 
1 00 Hz 
1 00 Hz 
90 Hz 
80 Hz 
70 Hz 
60 Hz 
50 Hz 
40 Hz 
30 Hz 
20 Hz 
1 0  Hz 

Output I eve I 
S pe ci fi cation l im its 

-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 6 0  dBV 
-2 . 40 dBV to -3 . 60  dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 6 0  dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 6 0  dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 6 0  dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 6 0  dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 
-2 . 40 dBV to -3 . 60 dBV 

* Use the 1 1  l 0" of the next l ower digit  to obta i n  th i s  setti ng . 

Measured 
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Cutoff 
Frequency 

l 0 . 00 x l OK 
l 0 . 00 x l OK 
0 . 01 x 1 0 
0 . 01 x 1 0 

Cutoff 
Freq uen cy 

l 0 . 00 x l OK 
l 0 . 00 x l OK 
0 . 01 x 1 0 
0 . 01 x 1 0 

Cutoff 
Frequency 

l . 00 x l OK 
l 0 . 00 x l OK 

2nd Harmoni c 
3rd Harmoni c  
4th Harmon i c  

L i ne Freque ncy 

Mode 

L P  
L P  
H P  
H P  

Mode 

L P  
L P  
H P  
H P  

Mode 

L P  
H P  

2 x L i ne Frequency 
3 x L i ne Frequency 

Tab l e  4 . 3 . D .  C .  Offset 

Gain  

0 dB 
20 dB 

0 dB 
20 dB 

Speci fi cation 

± 0 . 5  mV de 
± 0 . 5  mV de 
± 0 . 5 mV dc 
± 0 . 5  mV de 

Tab l e  4 . 4 .  Broadband Noise 

Gai n · S pe ci fi cation 

0 dB l 00 uV rms,  max 
20 dB l 00 uV rms,  max 

0 dB l 00 uV rms , max 
20 dB l 00 uV rms , max 

Tab l e  4 . 5 .  Maximum S topband Attenuat ion 

I nput 
Freq uency S pe ci fi cation 

200 KHz 90 dB 
5 KHz 90 dB 

Tab l e  4 . 6 . Harmon i c  Components 

S pe ci fi cation 

-90 dB 
-90 dB 
-90 dB 

Tab l e  4 . 7 .  L ine-Re l ated S purious Components 

S peci fi cation 

-1 1 0  dB 
-1 1 0  dB 
-1 1 0  dB 

Measured 

Measured 

Measured 

Measured 

Measured 
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PE RFORMANCE TEST RESULTS 

Rock l and Mode l 852 Option - Test By 
---------

D ua l  H i/Lo F i l ter Date 

Seria l  Number 
---------

Chan ne l  

Cutoff 
Freq uency 

1 0 . 00 x 1 K 
1 0 . 00 x l K  

1 . 00 x 1 K 
1 . 00 x 1 K 
1 . 00 x 1 OK 
1 . 00 x l OK 

Cutoff 
Frequency 

1 0 . 00 x l OK 
1 0 . 00 x l OK 

1 . 00 x 1 OK 
1 . 00 x 1 OK 

1 0 . 00 x 1 K 
1 O . 00 x 1 K 
1 0 . 00 x 1 00 
1 0 . 00 x 1 00 
1 o . 00 x 1 0  
1 0 . 00 x 1 0  

Option -01 : 
1 O � 00 x l 

1 0 . 00 x 1 

Mode 

L P  
L P  
H P  
H P  
H P  
H P  

Mode 

L P  
H P  
L P  
H P  
L P  
H P  
L P  
H P  
L P  
H P  

L P  
H P  

2 

Tab le 4. l .  Passband Gain  Accuracy 

I nput Passband Ga in  
Gain  Frequency S pecifi cation 

0 dB 1 K Hz 0 ± . 5  dB 
20 dB 1 K Hz 20 ± . 5  dB 

0 dB 1 0  K Hz 0 ± . 5  dB 
20 dB 1 0  K Hz 20 ± . 5  dB 

0 dB 1 00 K Hz 0 ±  1 dB 
20 dB 1 00 K Hz 20 ± 1 dB 

Tab l e  4 . 2 . Cutoff Frequency Ca l i bration Accuracy 

I nput 
F requency 

1 00 . 0  KHz 
1 00 . 0  KHz 

1 0 . 0  K Hz 
1 0 . 0  K Hz 
1 0 . 0  K Hz 
1 0 . 0 KHz 

1 . 0  K Hz 
1 . 0  KHz 
1 00 Hz 
1 00 Hz 

1 0  Hz 
1 0  Hz 

Output I eve I 
S peci fi cation L imits 

-1 . 8  dBV to -4 . 2  dBV 
-1 . 3  dBV to -4 . 7  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 3  dBV to -4 . 7  dBV 
-1 . 8  dBV to -4 . 2  dBV 
- 1 . 8  dBV to -4 . 2  dBV 
-1 . 8 dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 

-1 . 8 dBV to -4 . 2  dBV 
-1  • 8 dBV to -4 . 2 dBV 

Measured 

Measured 
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Rock l and Mode l 852 

Tab l e  4 . 2 . Cutoff Frequency Ca l i bration Accuracy - conti nued 

4-1 4 

Cutoff 
Frequency Mode 

I n put 
Frequency 

Outp1 1t I eve I 
Speci fi cation L imi ts Measured 

1 0 . 00 x l K L P  
9 . 00 x l K  L P  
8 . 00 x l K L P  
7 . 00 x l K L P  
6 . 00 x l K L P  
5 .  00 x l K L P  
4 . 00 x l K  L P  
3 . 00 x l K  L P  
2 . 00 x l K  L P  
1 . 00 x l K  L P  
l .  00 x l K*  L P  
0 .  90 x l K L P  
0 . 80 x l K L P  
0 . 70 x l K  L P  
0 . 60 x l K L P  
0 . 50 x l K L P  
0 . 40 x l K L P  
0 . 30 x l K L P  
0 . 20 x l K L P  
O . l O x l K L P  
0 .  l 0 x l K* L P  
0 . 09  x l K  L P  
0 . 08 x l K  L P  
0 . 07 x l K L P  
0 . 06 x l K  L P  
0 . 05 x l K L P  
0 . 04 x l K  L P  
0 . 03 x l K  L P  
0 . 02 x l K L P  
O .  01 x l K L P  

l 0 . 00 KHz 
9 . 00 KHz 
8 .  00 KHz 
7 . 00 KHz 
6 .  00 K Hz 
5 .  00 KHz 
4 . 00 KHz 
3 .  00 KHz 
2 . 00 K Hz 
l . OO KHz 
1 . 00 KHz 
900 Hz 
800 Hz 
700 Hz 
600 Hz 
500 Hz 
400 Hz 
300 Hz 
200 Hz 
1 00 Hz 
1 00 Hz 
90 Hz 
80 Hz 
70 Hz 
60 Hz 
50 Hz 
40 Hz 
30 Hz 
20 Hz 
1 0  Hz 

-1 . 8 dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 • 8 dBV to -4 . 2 dBV 
-1 • 8 dBV to -4 . 2 dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1  • 8 dBV to -4 . 2 dBV 
-1 . 8 dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8 dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8 dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8 dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 
-1 . 8  dBV to -4 . 2  dBV 

* Use the 11 1 011 of the next l ower d ig i t  to obta i n  this setti ng . 
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Rock l and Mode l 852 

Cutoff 
Frequency 

l 0 . 00 x l OK 
l 0 . 00 x l OK 

0 . 01 x 1 0 
0 . 01 x 1 0 

Cutoff 
Freq uen cy 

l 0 . 00 x l OK 
l 0 . 00 x l OK 
0 . 01 x 1 0  
0 . 01 x 1 0  

Cutoff 
Frequen cy 

1 . 00 x l OK 
l 0 .  00 x l OK 

2nd Harmoni c  
3rd Harmoni c  
4th Harmoni c  

Mode 

L P  
L P  
H P  
H P  

Mode 

L P  
L P  
H P  
H P  

Mode 

L P  
H P  

Tab l e  4 . 3 .  D .  C .  Offset 

Gain  S pe ci fi cation 

0 dB ± 2 . 5  mV de 
20 dB ± 2 . 5  mV de 

0 dB ± 2 . 5  mV de 
20 dB ± 2 . 5  mV de 

Tab l e  4 . 4 .  Broadba nd Noise 

Gain  S peci fi cation 

0 dB 200 uV rms,  max 
20 dB 200 uV rms,  max 

0 dB 200 uV rms, max 
20 dB 200 uV rms, max 

Tab l e  4 . 5 . Maximum Stopband Attenuation 

I nput 
Frequency Speci fi cation 

200 KHz 90 dB 
5 KHz 90 dB 

Tab l e  4 . 6 .  Harmon i c  Com ponents 

S pe ci fi cation 

-80 dB 
-80 dB 
-80 dB 

Tab le  4 . 7 .  L i ne-Re lated S purious Com ponents 

L i ne Frequency 
2 x L i ne Frequency 
3 x L i ne Frequency 

S pe ci fi cation 

-1 oo dB 
-1 00 dB 
-1 00 dB 

Measured 

Measured 

Measured 

Measured 

Measured 



L 

4-4 . ADJUS TMENTS * 

a .  DC Offset Adi ustment 

This adi ustment may be performed if the output de l eve l is determi ned to be out 
of speci fi cation . The adjustment shou l d be pe rformed after a l l owi ng at least 1 0  
m i nutes for the i nstrument to warm up unde r powe r. Connect a short across the 
i n put conne ctor of the i nstrument and the DC Mu l timeter across the output 
conne ctor .  Perform the adjustments shown be l ow :  

Adj ustment and Output V 
Cutoff Freq . Mode Gai n  Response 452 : Vo 852 : Vo 

4-1 6 

1 0 . 00 x 1 K H i  Pass 2 0  dB F l at Ampl . R23 : ±0 . 5  mV R27 : ± 2 . 5 mV 
O . Ol x l K Lo Pass 20  dB F lat Ampl . 

b .  Attenuator Response Adi ustment 

RS : ±0 . 5  mV RS : ± 2 . S mV 

This adj ustment may be performed i f  the response at 1 00 K Hz i n  high-pass mode 
a nd 0 dB gain is out of speci fi cation . Con ne ct the Frequency Synthesize r to the 
i n put of the i nstrument and the Gain/Phase Meter betwen input and output . 
Use the fol  l owing setti ngs : 

I nput F requency 
Ampl i tude 

F i l ter Settings 

1 00 K Hz / 1 K Hz 
1 .  0 V rms 
5 . 00 x 1 0  
H i  Pass 
0 dB Gain 
F l at Am pl . 

Mode l 452 : Adj ust C l  to obtai n same gai n  at 1 00 KHz as at 1 KHz (wi th in  
± 0 . 25 dB) 

Mode l S52 : Ad i ust C l  to obta in  same gai n at 1 00 KHz as at 1 KHz (withi n 
± 0 . 5  dB) 

c .  Gai n  Adjustment 

This adjustment may be performed if the passband gai n ,  or the attenuation at the 
cutoff frequency is determi ned to be out of speci fi cation . Connect the 5 1  00 Frequency 
Synthesizer to the i n put of the i nstrume nt and the 400F L AC Vol tmeter to the 
appropriate poi nts i nd i cated be l ow .  Proceed as fol l ows: 

* The Frequency Synthesizer shou ld  be terminated with 50 ohms and the F i l te r  
Channe l unde r ad justment shou ld  be termi nated with 5 K . 
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Mode l 452 

l .  Set fi l ter setti ngs as fol l ows: 
5 .  00 x l 00 
Lo Pass 
0 dB Ga i n  
F l at Ampl i tude 

2 .  Set i nput frequency to 500 Hz . Connect the AC Vol tmeter to TP-1  
and ad just i n put ampl i tude to obta i n a read i ng of - 1 0 . 0  dBV . 

3 .  Move the AC Vol tmeter to TP-2 and veri fy a readi ng of -1 4 .  l dBV 
( ± 0 .  l dB ) . 

4 .  Move the AC Vol tmeter to  OUT and  adjust R l  9 to  obtai n a readi ng 
of -4 . 8  dBV . 

5 .  Change fi l ter  setti ng to 5 . 00 x l K and adjust Rl  1 to obta in  a read i ng 
of -1  . 8  dBV at OUT . 

Mode l 852 

1 • Set fi l ter settings as fo l l ows: 
5 . 00 x 1 00 
Lo Pass 
0 dB Gain  
F l at Ampl i tude 

2 .  Set i nput frequency to 500 Hz . Conne ct the AC Vol tmeter to T P-1 
and adjust i nput ampl i tude to obta i n  a readi ng of -1 0 . 0  dBV . 

3 .  Move the AC Vol tmeter to TP-2 and veri fy a readi ng of -1 5 . 5  dBV 
( ± 0 .  l dB ) • 

4 .  Move the A C  Vol tmeter to T P-3 and adjust R l  9 to obtai n a readi ng of 
-1 7 . 4  dBV . 

5 .  Move the AC Vol tmeter to TP-4 and ad just R24 to obtai n a readi ng of 
- 1 2 . 8  dBV . 

6 .  Move the AC Vol tmeter to OUT and adjust R31 to obta in  a readi ng of 
+3 . 6  dBV . 

7 .  Change fi l ter  setti ng to 5 . 00 x l K  and ad just R l l to obta i n  a readi ng of 
+6 . 6  d BV at OUT .  

d .  H igh  Frequency ( x l OK  ) Cutoff Adjustment 
Th is  adj ustment may be performed i f  cutoff frequency i n  the x l OK pos i ti on i s  
determi ned to be out of  spe ci fi cation , whi l e  other pos i t ions are wi thi n speci fi cati on . 
I t  shou ld  a l so be performed i f  the Gain  adj ustment descri bed above has been per­
formed .  Connect the Frequen cy Synthesizer to the i nput of the i nstrument and the 
Gain/Phase meter to the a ppropriate points shown be l ow .  Use the fol l ow ing setti ngs: 

A B c 

I n put Frequen cy 50 . 0 K Hz 1 00 . 0  KHz 50.  0 K Hz 
Am pl i tude l . 0  V rms 1 . 0 V  rms 1 .  0 V rms 

F i l ter  Setti ngs 5 .  00 x 1 OK 1 .  00 x 1 OK 5. 00 x 1 OK 
Lo Pass H i  Pass H i  Pass 
0 d B  Gain  0 dB  Gain  0 dB  Gain 
F lat  Ampl i tude F lat Ampl i tude F l at Amp l i tude 



Mode l 452 : Perform the fol l owi ng ad j ustments : 

Gain/Phase meter 
connected between :  

� - A l ternate l y  ad just : 

to obta i n  Gain (dB ) :  
and Phase (deg) :  

B - Ad j ust : 
-

to obtain  Gain  (dB ) :  

C - Ad just : 
-

to obta in  Gain  (dB ) :  

TP-1 & T P-2 

C29 & C34 

-4 . l ± 0 . 2  
9 0  ± l 

Mode l 852 : Pe rform the fo l l owi ng ad justments : 

TP-1 
Gain/Phase meter  & 
connected between :  T P-2 

T P-2 
& 

TP-3 

TP-2 & OUT 

C39 & C44 

+9 . 3  ± 0 . 2  
9 0  ± 3 

TP-3 
& 

T P-4 

� - A l ternate l y  Ad just : C29 & C34 C39 & C44 C49 & C54 

to obta in  Gain  (dB ) :  -5 . 5  ± 0 .2  

& Phase (deg ) :  90  ± l 

� - Ad j ust : 

to obta in  Gain  (dB ) :  

� - Ad just : 

to obta i n  Gain  (dB ) :  

-1 . 9 ± 0 . 2 +4 . 6  ± 0 . 2  

90 ± l 90 ± 2 

I N  & OUT 

C39 & C44 

-3 . 0  ± 0 . 2  
1 80 ± 4 

R l 6 
0 . 0 + 0 . l  

R2 1 
-3 . 0  ± 0 . 0  

TP-4 
& 

OUT 

C59 & C64 

+1 6 . 5  ± 0 . 2 

90 ± 6 

I N  
& 

OUT 

4-1 8 

C59 & C64 

-3 . 0  ± 0 . 5  

1 80 ± 8 

R l 6 

0 + 0 . 2  

R33 

-3 . 0  ± o . o  
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4-5 . TROUB LES H O OT I NG PROCED URES 

a .  l st Leve l Troub leshoot ing 

I f  both LED i nd i cators fa i l  to operate when the power swi tch i s  i n  the ON 
posi tion: 

l .  Make certain  that l i ne power i s  avai l ab l e  to the i nstrument . 

2 .  Che ck that the 1 1 5/230 vol t swi tch i s  i n  proper posi t ion for 
the avai l ab l e  l i ne vol tage . 

3 .  Check the fuse and re p lace,  i f  defective . 

4 .  With the power switch i n  the O N  positi on check  cont inuity 
of the power cord wi th an ohmmeter .  

5 .  Che ck proper funct ion i ng of the F l oat ing Operati on swi tch 
by verify ing a short/open between the th i rd wi re of the 
power cord and the she l l  of one of the BNC connectors . 

I f  one LED i nd i cator i s  on and the other i s  off, troub leshoot the Power Suppl y 
board (see 3rd Leve I Troub leshooti ng) . 

b .  2 nd Leve l Troub l eshooti ng 

l . I f  both i nd i cators are on but the instrument fai l s  to operate , 
remove the hardware that se cures the top and bottom covers 
to the rear pane l ;  s l ide back and· remove top and bottom 
covers . 

2 .  Perform the procedure i n  the order g iven i n  the 2nd Leve l 
Troub leshoot ing Tree . Voltages (±0 . 25 Vol ts) g iven i n  
this Tree are measured with respect t o  ground usi ng a Digita l  
Mu l timeter (See Section 4-2 . for Re commended Test Equi pment) . 



Measure +1 5 Vdc and 
-1 5 V de power supp ly  
Vol tages at poi nts marked 
+ 1 5 & -1 5 on Mai nboard 

Yes 

Troub leshoot Mainboard 

No 
.... 

Turn off i nstrument and 
d isconnect + 1 5  & -1 5 
power suppl y leads from 
Mai nboard . Turn on 
i nstrument and measure 
+ 1 5  V de and -1 5 V de 
at these I eads . 

Yes 

Turn off i nstrument and 
reconnect l eads to Ma i n ­
board . Turn on i nstrument 
and al l ow l 0 mi nutes warm­
up.  Touch each Op-Amp 

No 

and determ i ne whi ch one is 
runn ing hotter than  the others . 
Rep lace hot Op-Am p as per 
Se ction 4-6 . 

2nd Leve l Troub l eshooting Tree 

.... 

4-20 

Troub leshoot 
Power Suppl y  

Board 
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c .  3rd Leve l Troub l eshooting : Power Supp ly  Board 

l .  To gai n access to the Power Suppl y board , proceed as fo l l ows : 

a .  Remove the · two screws wh i ch fasten the Rear Pane I to 
the S ide Frames and pu l I back the Rear Pane l . 

b .  Remove the two screws wh i ch fasten the Power S upp ly  
Sh ie l d  Box to the Rear Pane l  and move the Sh ie ld Box 
forward . 

c .  Remove the four screws wh i ch fasten the Power S upply  
board to  the Rear Pane l standoffs . D i sconnect Powe r 
Suppl y l eads from Mai nboards and move Power Supp ly  
board out of  the Sh i e Id  Box . 

2 .  Perform the procedure in  the order g iven i n  the 3rd Leve l Trouble ­
shooti ng Tree . Vo l tages g iven i n  thi s  Tree are measured wi th 
respect to ground using a D ig ital  Mul timter  (See Section 4-2 . for 
Re commended Test Equ ipment) . 

3 .  Repai r as pe r  Se cti on 4-6 . and rep lace by revers i ng the previous 
procedure . 



Measure +22 V de (±200/o ) between No - Repl ace CRl & C5 --poi nts marked + I  & 0 

Yes 

' ( 
Measure -22 V de ( ±200/o ) between N o  

Rep lace CRl & C7 ...... 
points marked - 1  & 0 -

Yes 
"" 

Measure + 1 5 V de & -1 5 V de,  
No (±0 . 25  V de) at  left set of  points - Repl ace U2 ,. 

marked +1 5 & -1 5 (poi nt marked 
0 is g round) 

Yes 

'V 
Measure + 1 5 V de & -1 5 V de,  

No (±0 . 25 V de) at  right set of poi nts .. Replace U l  
marked + 1 5  & -1 5 (poi nt marked 

, 

0 i s  g round) 

3rd Leve l Troub l eshooti ng Tree : Power Suppl y board 

4-22 
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d .  4th Leve l Troub leshooting:  Mainboard 

l . Set fi l ter channe I contro l s  as fo l lows: 
5 . 00 x l K  
Lo Pass 
0 dB Gain  
F l at Ampl i tude 

2 .  Apply i nput s ignal  at 500 Hz and adj ust i ts amp l i tude to 0 .  0 dBV . 

3 .  Perform the procedure in the order g iven in the 4th Leve I Troub l e­
shooting Tree . Vol tages (±0 . 2  dB) g iven in  th is  Tree are measured 
with respect to ground usi ng an AC Vo l tmeter (See Section 4-2 . for 
Recommended Test Equ ipment) . 

4 .  I f  rep laceme�t of any component i s  requi red , access to the bottom 
of the Mainboard is e i ther readi l y  avai l ab le , or, i f  behi nd one of 
the Support Bars , i t  may be made avai lab le  as fol l ows: 

a .  Remove the three screws from each Mainboard that fasten 
them to the Support Bar . 

b .  Remove a l  I fasten i ng nuts from the Shie ld  Board (between 
channe l s) and l i ft Sh ie ld  Board su pporti ng l ugs  out of the 
ho les in Support Bars . 

c .  Remove the two screws whi ch fasten the Support Bar to the 
S ide Frames .  L ift Mainboards s l ight l y  and s l ide Support 
Bar forwards (or backwards) to expose desi red area on 
bottom of Mainboard . 

d .  Repa i r  as per Section 4-6 . and re pla ce by revers i ng the 
above procedure . 



Measure -8 . 2  dBV at T P-1  
No 

Re place ARl 

Yes 

Measure -7 . 0 dBV at TP-2 
N o  

Replace AR2 

Yes 

_M
_

e
_
a
_
s
_
ur

_
e
_

o
_

.
_
o
_
d
_
B
_
V
_

a
_

t
_

o
_

u
_
T

_
, ___ 

N
_

o 
___ __,-;.-..1 Rep I ace AR3 

Mode l 452 

No  
Measure -1 6 . 6  dBV a t  TP-1  1-------�� Rep l ace ARl 

Yes 

N o  
Measure -1 6 . 3  dBV a t  T P-2 t--------�.,. Repl ace AR2 

Yes 

Measure -1 3 . 8 dBV at T P-3 1----
N
_

o 
___ 

----:_. 
Rep l ace AR3 

Yes 

Measure -8 . 3  dBV at T P-4 
N o  

Rep lace AR4 

Yes 

Measure 0. 0 dBV at OUT 
N o  

Rep lace AR5 

. Mode l 852 

4th Leve l Troub leshoot ing Tree : Ma i nboard 

4-24 
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4-6 . PR I NTED C I RCUIT BOARD REPA IR 

When re pl aci ng i ntegrated ci rcui ts or other e l ectron ic  com pone nts so ldered 
to pri nted -ci rcuit boards,  the proced ures ind icated be l ow shou ld  be fo l l owed 
to prevent potenti al dam age to the board . 

l .  De term i ne by toubl eshooti ng te chn iques , whi ch compone nt has fa i led . 

2 .  Remove the defe cti ve component from the board by cutti ng the pi ns 
or l eads with a smal l d iagonal c l i ppi ng tool . (A lways remove and 
re p l ace the enti re component . ) 

3 .  App ly  heat (40-50 W so lde ri ng i ron) spari ng l y  to each of the cut 
pins or l eads and remove from the board; c l ean the ho le  (s) wi th a 
tooth pi ck or so l der  suction too l  . 

4 .  Form the ti nned l eads of the re pl acement part and insert i n  the 
pri nted ci rcu i t  ho les; so lder,  then trim l e ads to extend l /1 6 -i nch 
beyond the back surface of the bo ard . (Use on ly  63 -37 so lder 
wi th maximum l /1 6 -i nch d i ameter . )  

5 .  Whe n  so l deri ng sem iconductor dev ices and al l smal l com ponents ,  
be  sure to use a heat s i nk  too l  or l ong -nosed p l ie r  conne cted to 
the compone net l ead (s) wh i l e e ach is be ing so lde red . A l l ow the 
so ldered connecti on to cool before remov ing the heat si nk . 

6 .  C l e an al l d i rt and so lder-fl ux from the printed ci rcui t traces by 
l i be ral appl i cati on of isopropyl al coho l  or  freon-type so l ve nts .  



S ECT I ON V 

RE PLACEAB LE PARTS L I STS & D IA G RAMS 

5 - 1 .  I NTROD UCTI ON 

Th is section conta ins  an a l pha numeri c l i st i ng of a l l  rep l aceab l e  e l e ctri ca l 
parts used i n  the i nstrument . Refere nce desig nat ions  a ppl ying to the parts 
I i st are provided be l ow .  Com ponent- l o cation and schemati c di agrams are 
a l so i nc l uded . 

5 -2 .  ORD ER I N G  I N F ORMAT I ON 

To order re p lacement parts , address your orde r to: 

Rock I and Systems  Corporati on 
230 West Nyack  Road 
West N yack , New York 1 0994 

S pec i fy the fo l l owi ng i n formation :  

A 
A R  
B 
c 
C R  
D S  
F 

1 ) Mode l and seria l  n um ber  of i nstrume nt 
2 )  C i rcu i t  refe re n ce designati on 
3) Rock land part numbe r  
4) D escri pt ion  of part 

RE FERE N C E  D ES I G NAT I O NS 

Assemb l y  M P  
Am pl i fier  p 
Motor Q 
Capac i tor R 
D i ode s 
Dev ice l nd i  cator T 
F use u 

Me cha ni ca l  
P l ug 
Transi stor 
Res istor 
Swi tch 
Transformer 
Mi croc ircui t 

Part 

F L  F i l ter  YR Vo l  toge Regu lator 
J Con n ce ctor x S ocket  
K Re l ay 
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Ref .  Des . 

Cl , C2 , C3 
C5, C7 
C6 , ca , c1  l , c1 2 
C9 I Cl 0 I Cl 3 I Cl 4 

CRl 

Rl I R2 
R3 , R4, R5 , R6 
R7 , RS 

S l  
S2 

Tl  

Ul  I U2 

ASS EMB LY Al  

Power Supp ly Assemb ly ,  Mode l s  452 & 852 

P /N 004-0950 

Descri ption 

C:  Fxd cer 0. 01 uF +80 -20% l 00 V 
C: Fxd e lect 500 uF 50 V 
C: Fxd tant 0 .  01 uF 20% 35 V 
C: Fxd po lyester 0 .  001 5 uF l 0% l 00 V 

CR: S i l  FWB 50 P IV l . 5  A 

R: Fxd comp l 5 K  5% l /4W 
R: Fxd comp l 0 ohm 5% l /4W 
R: Fxd comp 2 . 2K 5% l /iWV 

S ·  Swi tch S l ide D PDT,  PC 1 1 5/230 
S :  Swi tch S l ide D PDT,  PC Mount 

T: Transformer, Power 

U: Dua l vo l t  reg ±1 5 V l 00 mA 

P/N 

l 00-3 1 00 
l 09-7500 
l 09-41 00 
l 05-2 1 50 

1 30-01 40 

1 1 6-3 1 51 
1 1 6-01 01 
1 1 6-2221 

342 -22 03 
342 -2202 

1 77-301 2 

1 20-01 52 



S-3 

ASS EMBLY A2 , A3 

Mai nboard Assemb ly , Mode l 4S2 

P /N 004-0960 

Ref .  Des .  Descri ption P/N 

C l  C: Var m i ca 2 -2SpF l 7S V 1 08-02SO 
C2 C: Fxd mi ca d i pped 1 OOpF l C1'/o SOO V l 01 -1 1 00 
C3 , CS , C7 , C9, 
Cl 0,  Cl 2 ,  Cl  3 C: Fxd ceram . 0. 01  uF +80 -20% 30 v 1 00-3 1 01 
C4, C6 , Cl S ,  Cl 6 C: Fxd tant l uF 20% 3S V 1 09-Sl 00 
ca C: Fxd m i  ca d i pped 33pF 1 0% SOO V 1 01 -0330 
Cl l C: Fxd mi ca d i pped 200pF 1 C1'/o SOO V 1 01 -1 200 
Cl 4 C: Fxd m i ca d i pped 47pF l 0% SOO V l 01 -0470 
C2S, C30, C3S ,  C40 C: Fxd po l ycarb l . OuF l % l 00 V l 04-S l 00 
C26 , C3 1 , C36 , C41 C:  Fxd pol ycarb 0 .  l uF l % l 00 V 1 04-41 00 
C27 I C32 ' C37' C42 C: Fxd po l ycarb 0. 01 uF l % l 00 V l 04-31 ()() 
C28,  C33 , C38, C43 C: Fxd m i ca d i pped 820pF l 00/o SOO V l 01 -1 820 
C29 , C34,  C39, C44 C:  Var m i ca 24-200pF l 7S V l 08-1 200 

CRl  I CR4 CR: Zener 6 . 8 V l C1'/o 400 mW 1 3 1 -9680 
CR2 ,  CR3 CR: S i l  l ow leak 70 P IV 200 mA 1 32-04S7 

Rl R :  Fxd metfl m 900K 1 %  l /8W 1 1 3 -9000 
R2 , R3 R· Fxd metflm l OOK 1 %  l /'CNV 1 1 3 -1 000 
R4 R: Fxd com p 2 .7K S% l /4W 1 1 6-2271 
RS , R6 R: Fxd com p 1 OK S% 1 / .tfN 1 1 6-3 1 01 
R7 , R24 R: Fxd metflm 200K 1 %  l /.tf.N 1 1 3 -2000 
R8 , R23 R: Var cermet 200K 1 0'%  l /2W 1 1 8-4201 
R9 , Rl 3 ,  Rl 7 R: Fxd com p l 00 ohm S% l /4W 1 1 6- 1 1 01 
Rl O R· Fxd metf lm 4 . 32 K  l % 1 /8W 1 1 1 -4320 
Rl l , Rl  9 R: V or cermet SO ohm l 00/o 1 /2W 1 1 8-0SOO 
Rl 2 R· Fxd metf lm l . SK 1 %  l /8W 1 1 1 -1 SOO 
Rl 4 R :  Fxd metflm 1 S4 ohm 1% l /8W 1 1  O-l S40 
Rl S ,  R2S R: Fxd metflm l . OK 1 % l /8W 1 1 1 -1 000 
Rl 6 ,  R2 1 R: Var cermet 1 OK 1 00/o 1 /2W 1 1 8-3 1 01 
R20 R: Fxd metflm 2 .  OK l % l /'<NV 1 1 1 -2000 
R22 R: Fxd com p 47 ohm S% l /.tf.N 1 1 6-0471 
R22 ( Option -02) R: Fxd com p  620 ohm S% l /4W 1 1 6 -1 621 
R26 ,  Rl 8 R :  Fxd metflm 2 .  49K l %' l /8W 1 1 1  -2490 
R27 * R :  Fxd com p l K S% l /4W 1 1 6-2 1 01 
R28 * R: Fxd comp 33 K S% l /.tf.N 1 1 6-3331 
R29 * R: Fxd com p 47K S% l / .tfN 1 1 6-3471  
R30 * R: Fxd comp  6 . 8K S% l /.tf.N 1 1 6-2681 

* Factory se l ected va l ue;  typi ca l va l ue shown 

L_ 
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Ref .  Des .  

R41 , R45, R65 , R69 
R42 , R46 , R66 , R70 
R43 , R47, R67, R71 
R44, R48, R68 , R72 
R49, R53 , R73 , R77 
R50, R54, R74, R78 
R5 1 , R55, R75 , R79 
R52 , R56 , R76 , R80 
R57, R6 1 , R81 , R85 
R58, R62 , R82 , R86 
R59 , R63 , R83 , R87 
R60, R64, R84, R88 

S l  I S9 
S2 ,  S3,  S4 
S5,  S6 
S 8  

ARl I AR2 I AR3 

ASSEMBLY A2 ,· A3 - conti nued 

Mai nboa rd Assemb ly ,  Mode l  452 

P /N 004-0960 

Descri ption 

R: Fxd metflm l . 99K l % l /8W 
R: Fxd metflm 7. 96 K 1 % l /8W 
R: Fxd metflm 1 5 . 9K 1 %  l /8W 
R: Fxd metflm 3 .  98K l % l /8W 
R · F xd met fl m l 9 .  9 K l % l /8W 
R:  Fxd metflm 79 . 6K l % l /8W 
R:  Fxd metflm 1 59K  1% l /8W 
R· Fxd metflm 39 . 8K l % l /SW 
R: Fxd metflm l 99K l % l /'iNV 
R: Fxd metflm 796 K 1 %  l /8W 
R: Fxd metflm l • 59M l % l /8W 
R: Fxd metflm 398K l % l /'iNV 

S :  Push button Push/Push D PDT 
S :  Rotary 4 po le  1 2  pos BCD Coded 
S :  Push button Push/Push 8 PD T 
S :  Rotary 7 po le  2 -5 pos 

U: L i  near  Op-Amp 

Cl  7 ,  C l  8 ( Option-01 on l y) C: Fxd m i ca d i pped l OOpF l 0% 500V 

ASS EMBLY A4, A5 

Opti on -01 Assemb l y, Mode l 452 

P /N 004-0980 

Ref .  Des . D escri pti on 

Cl I C2 , C3 , C4 C: Fxd po l ycarb l OuF l % l OOV 

P/N 

1 1 1 -1 990 
1 1 1 -7960 
1 1 2 -1 590 
1 1 1 -3980 
1 1 2 -1 990 
1 1 2 -7960 
1 1 3 -1 590 
1 1 2 -3980 
1 1 3 -1 990 
1 1 3 -7960 
1 1 4-1 590 
1 1 3 -3980 

341 -2202 
345-41 20 
341 -8200 
343-7051 

1 20-1 007 

l 01 -1 1 00 

P/N 

l 04-61 00 
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AS S EMBLY A2 , A3 

Mainboard Assemb ly ,  Mode l 852 

P/N 004-0930 

Ref .  Des . Descri ption P/N 

Cl  C: Var m ica 2-25pF 1 75 V l 08-0250 
C2 , CB, Cl 4 C:  Fxd m i ca d ipped l OOpF l 0% 500 V l 01 -1 1 00 
C3 I C5 I C7 I C9 I cl 0 I 

Cl 2 ,  Cl 3 ,  Cl 5 ,  Cl 6 ,  
Cl 8 ,  Cl 9 C: Fxd ceram . 0 .  01 uF +80 -2CY'/o 30 Y l 00-3 1 01 
C4, C6 , C2 1 , C22 C: Fxd tant l uF 2CY'/o 35 V l 09 -5 1 00 
C l  l C: Fxd m ica d i pped 500pF l CY'/o SOO Y l 01 -1 500 
Cl 7 C: Fxd m ica d i pped 47pf l CY'/o 500 Y l 01 -0470 
C20, C23 C: Fxd m ica d i pped 22pf l CY'/o 500 V l 01 -0220 
C25, C30, C35,  C40, 
C45 I C50 I C55 I C60 C: Fxd pol ycarb l . Ouf l % l 00 Y l 04-51 00 
C26, C3 1 , C36,  C41 , 
C46,  C51 , C56 , C61 C: Fxd polycarb 0 .  l uF l % l 00 V l 04-41 00 
C27 I C32 , C37, C42 , 
C47 I C52 I C57 I C62 C: Fxd pol ycarb 0 . 01 uF 1% l 00 Y 1 04-31 00 
C28 ,  C33 , C38,  C43 , 
C48 I C53 I C58,  C63 C:  Fxd m ica d i pped 820pf l 0% 500 V l 01 -1 82 0 
C29, C34, C39,  C44, 
C49 I C54, C59 I C64 C: Var m ica 24-200pF 1 75 V 1 08-1 200 
C67 C: Fxd ceram . l OOOpF +80 -20% l 000 Y l 00-2 1 00 

CRl I CR4 CR: Zene r 6 .  8 V l CY'/o 400 mW 1 31 -9680 
CR2 ,  CR3 CR:  S i l  l ow leak 70 PIV 200 mW 1 32-0457 

Rl  R :  Fxd metflm 900K 1 %  l /8W 1 1 3 -9000 
R2 , R3 R:  Fxd metflm l OOK 1 %  l /8W 1 1 3 -1 000 
R4 R: Fxd comp 4 . 7K 5% 1 /4W 1 1 6-2471 
R5 , R6 R: Fxd comp l OK 5% l /4W 1 1 6-3 1 01 
R9 , Rl 3 ,  Rl 7 ,  R22 ,  R29 R:  Fxd com p l 00 ohm 5% l /4W 1 1 6- 1 1 01 
Rl 0 R: Fxd metflm 453 ohm l % l /SW 1 1 0-4530 
Rl l ,  Rl 9 ,  R24, R31 R :  Var cermet 50 ohm l 0% 1 /2W 1 1 8-0500 
R l 2 ,  R20,  R25 ,  R32 , R38 *R: Fxd metfl m 1 . 0K 1 %  l /8W 1 1 1 -1 000 

* Factory se l ected va l ue ;  typi ca l va l ue shown 

L 
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Ref .  Des . 

Rl 4 
R l  5 ,  R35 
Rl 6 
R l 8 
R23 
R27 ,  R8 
R28 ,  R7 
R30 
R33 
R34 
R36 
R36 ( Opti on -02) 
R37 * 
R41 , R45 , R65 ,  R69 , 

ASSEMBLY A2 , A3 - conti nued 

Mai nboard 'Assemb l y ,  Mode l 852 

P/N 004-0930 

Descri pti on 

R :  Fxd metfl m 57 .6 ohm l % l /8W 
R: Fxd metflm l .  5K l % l /8W 
R·  Var cermet l K l 0% l /2W 
R:  Fxd metf l  m 340 ohm l % l /8W 
R:  Fxd metflm 887 ohm 1 %  l /8W 
R:  Var cermet 200K l 0% l /2W 
R:  Fxd metf lm 200K l % l /8W 
R: Fxd metfl m l .  62 K l % l /8W 
R: Var cermet  l OK l (]% l /2W 
R: Fxd metfl m l . 33 K  l % l /8W 
R: Fxd com p 47 ohm 5% l / iNI 
R: Fxd com p  62 0 ohm 5% l / 4W 
R: Fxd com p 5 . 6 K  5% l /4W 

R89, R93 , R l  1 3 , Rl 1 7  R:  Fxd metfl m l . 99K 1 %  1 /8W 
R42 , R46, F66 , F70 , 
R90, R94, Rl 1 4, F l  1 8  R :  Fxd metf lm 7 .  96 K l % l /8W 
R43 , R47 , R67, R71 , 
R9 1 , R95 , Rl 1 5 , F l  1 9  R: Fxd metflm 1 5 .  9K l % l /8W 
R44, R48, R68 , R72 , 
R92 , R96, R l l 6 , Rl 20  R :  Fxd metflm 3 . 98K  1 %  1 /8W 
R49, R53 , R73 , R77 , 
R97, Rl 01 , Rl 2 1 , Rl 25 R :  Fxd metfl m 1 9 . 9K 1 % l /8W 
R50, R54,  R74,  R78 , 
R98,  Rl 02 , R1 22 , R1 26 R: Fxd metfl m 79 . 6K 1 %  1 /8W 
R51 , R55 ,  R75, F79 , 
R99,  Rl 03 , Rl 23 , Rl 27 R: Fxd metflm l 59K l % l /'2NV 
R52 ,  R56 , R76 , R80, 
Rl OO, R1 04, Rl 24,  R l 28 R:  Fxd metflm 39 . 8K 1 %  l /8W 
R57, R61 , R81 , R85 ,  
R l  05 , R l  09 , R l  29 , R l  3 3  R: Fxd metfl m l 99K l % l /'2NV 
R58,  R62 , R82 , R86 , 
Rl 06 , Rl 1 0, Rl 30,  Rl 34 R :  Fxd  metfl m 796 K 1 %  l /8W 
R59, R63 , R83 , R87 ,  
R l  07 , Rl  1 1 , R l  3 1 , R l  3 5  R: Fxd metflm l .  59M l % 1 /4W 
R60, R64, R84, R86 , 
Rl 08 , Rl 1 2 ,  R l 32 ,  R l 36 R: Fxd metf lm 398 K 1 %  1 /8W 

P/N 

1 1 9-5760 
1 1 1  -1 500 
1 1 8 -2 1 02 
1 1 0-3400 
1 1 0-8870 
1 1 8-4201 
1 1 3 -2000 
1 1 1  -1 620 
1 1 8-3 1 01 
1 1 1 - 1 330 
1 1 6 -0471 
1 1 6- 1 62 1 

1 1 6-2561 

1 1 1 -1 990 

1 1 1 -7960 

1 1 2 -1 590 

1 1 1  -3980 

1 1 2 -1 990 

1 1 2 -7960 

1 1 3 -1 590 

1 1 2 -3980 

1 1 3 -1 990 

1 1 3 -7960 

1 1 4-1 590 

1 1 3 -3980 



Ref .  Des . 

R l 37 * 
Rl 40* 
Rl 41 * 

S l  I S9 
S2 , S3 ,  S4 
SS, S6,  S7 
SS 

A R  1 ,  AR2 ,  AR3 
A R4, AR5 

C65 , C66 ( Option-01 
on ly)  

Re f.  Des . 

C l , C2 , C3 , C4, 
C5 , C6 , C7 , ca 

ASS EMB LY A2 , A3 - conti nued 

Mai nboard Assemb ly ,  Mode l 852 

P /N 004-0930 

Descript i on 

R: Fxd comp 330 ohm 5% l /4W 
R: Fxd comp 3 .  9K 5% l /4W 
R: Pxd comp 2 . 7 K  5% l /4W 

S :  Push button Push/Push D PD T 
S :  Rotary 8po le  1 2  pos Coded 
S :  Push button Push/Push 8 PD T 
S :  Rotary 1 3  pol e  2-5 pos 

U: L i near Op-Am p 

C: Fxd m i ca d i pped l OOpF l 0% SOOY 

ASS EMBLY A4, A5 

Opti on -01 Assembl y ,  Mode l 852 

P /N 004-0940 

Descri pti on 

C:  Fxd po l ycarb l OuF l % l OOV 

* Factory se l ected va l ue ;  typi ca l va l ue sh own 

P/N 

1 1 6-1 331 
1 1 6-2391 
1 1 6-2271 

341 -2202 
345-81 24 
341 -8200 
344-3050 

1 20-1 007 

1 01 -1 1 00 

P/N 

l 04-61 00 

5-7 
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Mode l 452 -01 

POWER SUPPl,.Y ASSV A'1 
(hidden under shield)" 

Model 852-01 

F ig . 5-1 Assem b ly Designation 
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#OTES : 

52 MOt/N'TEt> � 
FROM BOTTOM "-. 
Or 80ARt) 

/) S TAMP APPL ICABL E 4SS Y' A/o . ANO 
i/SEABLE REV LETTER PER /NK SPEC 
.OWG A/o .  0 0 - 995- 000/ . 

2) LEAL:> PRQTRl/S/ON Th'R</ .BOAR.::; 
TO 8.E .0 62 MAX .  

3) SHEET 2 / S  '4 " SIZE (L/M} 

/ C5ANO C7 
,,.:' MOUNT ON 

ENO 

SE"E NOTE / 

.. . 7 

/SI MO !JA./TE/J / FROM BOTTOM 
0.F BCARO 

ALI.. O!MliNSlONl!I AR&! IN 
!NCH&& A.FTCR FINISM!NG 

ANO ..,.OL8qANCE8 AA& · 

"' X/x i l/e4 
..:::• ± ,. 

RDOKl..A 
Roe k l a n d  S v s- tem$ Cor 

Confidential property of R.OCKlAt 
not to he disdQsed fo other$, ntpf( 
any pvrpose ltX(ept ot authorized iri 

A 5'SEMBL. � 
POI/VER S 

D 102 ./fo 4j o� 



"ES : 

SZ MOC/A/TELJ � 
FROM BOTTOM " 
Or .6'0AR.0 

/) S TAMP APPL ICABL E /?SS Y' Na . ANC> 
i/SEABLE REV LETTER PER /NK SPEC 
LJWG ,;Vc, .  0 0 · 995- 000/ . 

2) Lc/l'JO r->RQTRt/S/ON Th'Ri/ BOARL:> 
TO BE .O GZ MAX .  

3) SHEET 2 / S  '4 " SIZE {L/M) 

I 
l • 
I � ·  
L 

I 
• ' I 

� 
�(}� gQl � �� ' � + + 

-- . .  �--

SEt; A./OTE / 

,,r- C5 ANO C7 
Jt' MOt/NT ON 

ENO 

1 1  

t-= W.'""1 

.. 
• / SI MOl/,<JTED / rROM BO TTOM 

or BOARO 

APfilV"D av> 

A IREtEAS£ SA/T 

C I Z7 Z. ;::5»T 

ROCKl..AND 
Rockland Sys tem$ Corpora t i o n  

I x:7/Z/Mt#� ltr/�?5) �:;f::�n:i::,(�;;:;',t: 0��.��c�.l���u:.v;r:�;1�0�= 
ALL. OIM•NSION9 AAiii' IN 
INCM&S AFTaR fll'INISMING 

ANO TOLl!�ANC•a ARE · 

.XX)( ± 
. x x .:t X/J< % 1/•4' 

L• ± t• 

any purpon except os authofr1:ed in writin9 by abov• 

D �  

A S'SE/V1BL Y PCB 
POI/VEA? S'VPPL Y 

DRAWING! NO 

0 0 4 - 0 9 5 0  
'2)/ ltlHlln / 



L T A  • C D  NO: APPV'D av I DAT• 

A RELEASE .,S/(/°T 

B 2 7 2.  _--5A.JT 
c 2.84-

52 
R 7  I 

/"LtJA T 0 � 6-NO + I  } OP 2. 2K 

llS"/?30 YJIC 
PtJ· ;"tltJ #z 

Wiii 
GRJJ 
BU< 

rPc BOARD 
CZ 

0.01 

0 

rfT 

C3 

0. 0/ 

Cl 
0.01 

Tl 

Fl (ON A?£.4R PAA/£L) 
LINE J/OLTA6£ 

SELECTtJR 

J 230 
SI 

53 POWER ON 

fJN FRON T  P4NEL) 

NO TES : 
/. C/NL. ESS OTHER WISE SPECIFIED AL L RESISTORS 

ARE IN O#MS, f4 WATT, ± 5 ,.%' 
2. UNL ESS OT#ERW/SE SPEC/F/£0 ALL CAPACITORS 

ARE IN MFO. 
3. #/Gh"ES T REFERENCE DESIGNA TIONS :  

171/AC 

A C 

CR ! 

AC 

i CM� C/12 

7 4 +�3 + I  • • • • I 
+ I  CS 

500 

+ 1 C 7 
StJcJ CB I 0. / 

C9 

I 
t// 

10 

COMP B + _ // 
3 12 

10 

K4 � 

+I I C/O 15oo;a/ T +T 1500/l-r 

,__ _______ -i 7 4 1------------( I + C// 
0./ 5 

R5" 
w 10 

r 15'//DC 

C#Z 

-/1)//D C 

CMN 
- I  } DP 

CMA/ ell / 

r l�VOC I 

. 
• I T 1 c12 I / 

vz R6 
O./ 

C/3 + 
/St/Cl,or 

ALL DIMENBIDNB AR• IN 
INCH•• AFT•A FINIBHINO 

AND TDL•RANCEB 
. )( )()( ± 

10 . I It) t---'\J\J'\,.---., 

Cl4 
/500p/ 

l - 1s voc 

Cl4N 

RCICKl..RND 
Roc k l a n d  Sys tems Corpora t i on 

: CJl l 

Con f identia l property of ROC K LAND SYSTEMS CORP. 

not to be d isc losed to others, reproduced or used for 
any purpose except as authorized in writing by above. 
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