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MANUAL CHANGES

ITHACO 4210 SERIES VARIABLE ELECTRCNIC FILTERS

Date January 15, 1879 Supplement A

Make all changes in this manual according to the Errota below. Also check the follewing table for your instrument
serial number and make the listed changes in your manuval, '

MODEL | SERIAL NO | MAKE MANUAL CHANGES MODEL | SERIAL NO | MAKE MANUAL CHANGES

42190
Series 37854 up | 1

b, FILTER BROCHURE (Section 1) -~ 4210 SERIES SPECIFICATIONS - page 9
The following specifications should be changed:

Filter Drift Delete the first line of copy
Second line of copy should read:

50pV/°C + 250pV /day referred to the cutput 0 dB gain
Input - Impedance should read:
22M8 £10%//100pF max.

Output - Offset and Drift Delete all copy
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1.0

SECTION 1

GENERAL DESCRIPTION

1.2

DESCRIPTION

The 4210 Series Variable Electronic Filters have three modes of oper-
ation: Normal, Pulse and Band-Reject.

" In the Normal mode, & filter can operate as a DC coupled low-pass, a

high~pass, or a band-pass filter. One third (1/3) octave frequency steps
can be selected for the independently tuned high~-pass and low-pass
sections. These sections are cascaded to form the band-pass filter.
Each section possesses a maximally flat amplitude response using a 4
pole Butterworth filter giving a 24 dB/octave (80 dB/decade) attenuation
slope.

In the Pulse mode, the DC coupled low-pass section uses a Bessel
characteristic to provide a maximally flat time delay (linear phase
response) for superior transient response.

In the Band-Reject mode, the high-pass and low-pass sections are
operated in parallel with the high-pass cutoff frequency set above the
low-pass cutoff frequency, thus providing a variable notch in the filter
response. The center frequency, width, and depth of thig notch are con-
trolled by the frequency settings selected. Both a sharp notch and a
variable width notch can be selected.

Precision filter characteristics permit phase and amplitude tracking
between filters with the same setting, The -3 dB frequencies, center
frequency, -3 dB bandwidth, noise bandwidth, and filter gain for all
band-pass filter settings in the Normal mode are printed on the instru-
ment top. The one third (1/3) octave filter settings provide 10 equally
spaced cutoff frequency settings in each decade, on a logarithmic
scale,

The filters have high input impedance and low output impedance with a
high dynamic range (up to 7 volts rms allowable at the input).

OPTIONS
1, 2.. 1 FILTER AMPLIFIER OPTION - OPTION 02
The filter amplifier provides from 0 to 40 dB gain in 10 dR

steps (0.1 dB). It is DC coupled and its high frequency

response is 3 dB down at 2.5 MHz, In the Band-Reject
mode, the amplifier must be set for 0 dB gain.



MAXIMUM INPUT SIGNAL SWING toV}

1.3

I

2.

2

BATTERY OPTION ~ OPTION 01

The Battery Option permits the filter to be operated for periods
up 0 7 heurs without recharging, using internal NiCd batteries,
Filters with the Amplifier Option can be coperated for 5.5 hours
on battery power, Model 4213 runs for 4.5 hours (3.5 hours
with Amplifier Option) unless modified to operate with a
maximum input level of 3V rms, Then this model can be operated
for 7 hours on battery power. Nominal charging time for s
completely discharged batteries is 14 hours.

SPECIFICATIONS (See Filter Brochure, page 9)

1

.3,

1

HIGH FREQUENCY MAXIMUM INPUT SIGNAL

Due to slew rate limiting in the 310 operational amplifiers,
the maximum input signal must be recduced at frequencies
above 200 kXHz to maintain linear operation. This restriction
affects the Model 4213 which has high frequency capabilities
to 1 MHz. Figure 1.1 shows the typical maximum input swing
which can be used above 140 kHz,

0 HWOKKz

iMH:
FIGURE 1.1 MAXIMUM INPUT SIGNAL SWING VS FREQUENCY



2.0

INSTALLATION

2.1

2.2

SECTION 2

INSPECTION

2.1.1

2.1.2

2.1.3

GENERAL

Before shipment, this unit was found to be free of electrical
and mechanical defects, As soon as the instrument is un-
packed, inspect for any damage that may have occurred in
transit., Save all packing materials until the inspection is
complete. If damaged in any way, a claim should be filed
with the carrier and a copy forwarded to ITHACO. ITHACO
will then advise you as to the disposition of the equipment
and will arrange for repair or replacement without waiting for
a settlement of a claim against the carrier.

VISUAL INSPECTION

A visual check should be made to confirm that there are no
broken knobs or connectors, and that the case and panel
surfaces are free of dents and scratches.

ELECTRICAL INSPECTION

The instrument should be checked against its electrical
specifications (see Section 5).

SYSTEM GROUNDS

Switch 87 on the rear panel permits the circuit ground to be isolated
from the power line ground. The instrument case is always tied to the
power line ground,
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FRONT PANEL CONTROLS AND COMNECTORS

LAk R X R
w o s . NOWMAL PULSE  RESECT

®

Frequency setting for high-pass filter {low frequency cutoff) $§1

Frequency multiplier for high-pass filter {multiplies frequency setting) $2

High-pass filter cutoff frequency = @ X @

Frequency setting for low-pass filter (High frequency cutoff) $3
Frequency muitiplier for low-pass filter (multiplies frequency seﬂiqg) S4
Low-pass filter cutoff frequency 3@ X@

ON/OFF switch $5

lnput BNC connector (UG--1094/U)

Variable 0 — 40 dB gain selector (avoilable with omplifier option enly)
Output BNC connector (UG~1094/V)

Mode switch $6 {selects Normal, Pulse, or Reject mode)

FIGURE 3.1
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REAR PANEL CONTROLS AND CONNECTORS

® ® O

w

MOGEE g

SERIAL.

XLR Cennector (XLR5~31); Mating Connector {XLLR5~12C). Used to conrnect remate

preamplifier

1  Preamp In
2 =15 Volis
3 Preamp Ground
4 £15 Volts
5  Supply Ground

{Pins 3 and 5 ore wired together on the XLR5—3!) 7

Line voltage sefector switch$8 (Selects 90 — 130 or 180 — 260 volts AC, sangle phase
50 — 400 Hz)

Power fuse (1/4A SB or 1/8A SB for 220V)

Ground selector switch 57

Power mode switch $9 (selects AC, battery or battery charge mode)
Power cord receptacle (3 wire power cord)

Signal laput

Signol Qutput

FIGURE 3.2



3.0

'SECTION 3

OPERATION

3.

3.

AMPLITUPE RESPONSE —dB

1

2

GENERAL

The ITHACO 4210 Series Variable Electronic Filters operate in three
modes: Normal, Pulse and Band-Reject. Operation in these three mod
is detailed below. Operating controls of the 4210 Series are describe
in Figures 3.1 and 3.2,

AC COUPLED INPUT

When operating with the high-pass multiplier switch set to the CuTt
position, the 4210 Series Filters are DC coupled. When operating
with the high~pass multiplier switch to a position other than the ouT
position, the 4210 Series Filters have an AC coupled input stage in
addition to the 4 pole Butterworth high-pass filter, This permits the

es
d

input to operate from signal sources which possess a DC component as

high as 200 volts. The AC coupled input consists of a 2 uf capacitor
coupled into a 22 Megohm resistor so the -3 dB frequency for this
network is .004 Hz and should have little effect in most applications
The phase and amplitude response of the AC coupled input network is
plotted in Figure 3.3,
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FIGURE 3.3 PHASE AND AMPLETUDE RESPONSE OF AC COUPLED INPUT OF 4210 SERIES YARIABLE ELECTRONIL FILYERS
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3.3

NORMAL MODE OPERATION

3.3.1

3.3.

Z

3.3.3

3.3.

3.3.

4

5

INTRODUCTION

When the Normal mode of operation is selected by $6, both
the high-pass and low~pass filter sections operate as 4 pole
Butterworth filters giving maximally flat amplitude response
with 24 dB/octave rolioff from the selected cutoff frequency.
In this mode, the cutoff frequency is the -3 dB frequency.
The frequency response for the high-pass and low-pass filter
sections can be determined by scaling a normalized filter
plot. Figure 1 of the enclosed ITHACO Application Note,
IAN-101 shows the normalized amplitude response for all
ranges of the Normal mode, Figure 2 of IAN-101 shows the
normalized phase response for the Normal mode,

NORMALIZED FILTER RESPONSE

Referring to Figures 1 and 2 of JAN-101, the frequency scale
has been normalized so that the filter cutoff frequency {(Fre-
guency Setting x Frequency Multiplier on the front panel) is
indicated by unity on this scale. To determine the frequency
response for a particular setiing, the scale on the graph is
multiplied by the filter cutoff frequency. For example: if the
filter cutoff frequency is set to 2 KHz, then "1" on the nor-
malized frequency scale will indicate 2 KHz. "2" on the
normalized scale will indicate 4 KHz, ".5" on the normalized
scale will indicate 1 KHz, etc. In this manner, & single
curve can speclify the response for all filter settings.

OPERATION AS A HIGH-PASS FILTER

To operate as a high~pass filter only, simply select the
desired cutoff frequency using S1 and 82. In this mode, the
high frequency rolloff will be determined by the low-pass
filter setting since the two filter sections are cascaded,
Normally the low-pass section would be set to its highest
frequency setting (dependent on the model) when the 4210 is
used as a high-pass filter.

OPERATION AS A LOW-~-PASS FILTER

To operate as a low~pass filter, set the high-pass multiplier
switch §2 to the OUT position., This DC couples the input.
Using 83 and 54, select the desired cutoff frequency.
QOPERATION AS A BAND-PASS FILTER

The filter is operated as a band-pass filter by using the high-

pass setting switches S1 and SZ to select the low frequency

3 -2
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ABSTRACT

The phase and amplitude response of a 4 pole Butter-
werth low-pass, 4 pole Butterworth high-pass and 4 pole
Bessel low-pass filters are provided. Also, the phase and
amplitude response cof a band-pass filter formed by cas-
caded 4 pole Butterworth high ond low-pass filters are
pravided for cut-off separations of 0710, 1710, 2710, 3/10
decade. A simple general methed is described for obtain-
ingthe phase and emplitude response of cascaded 4 pole
Butterworth high and low-pass filters for any filter sep-
aration in 1/10 decade steps. The -3 dB frequencies,
center frequency, -2 dB bandwidth, noise bandwidth and
fiiter gain are tabulated for ITHACG Variable Electronic
Filters suchshat this infermaticn can be obtained for any
filter setting.

INTRODUCTION

A Variable Electronic Filter as described in this paper
is comprised of independently tuned high-pass and low-
pass filter sections with provisions to operate as a low-
pass, high-pass and band-pass filter. It also may have
a transfer function which cen be selected according to
the application. For normel filtering in the frequency
domain four pole Butterworth high-pass end low-pass
filters are used. For use in the time domain a four pole
Besse! low-pass filter is ideal inosmuch as it has a
linear-phase characteristic which perserves the pulse
wave shape.

The phase and amplitude response of the Variable Elec-
tronic Filter will vary with each filter function (HF, LP,
BP), with each filter characteristic (Butterworth,
Bessel), and each filter cut-off frequency; so an exhaust
ive tabulation of amplitude and phase is not practical.
However, with tebulation of the phase and amplitude re-
sponse of a 4 pole Butterworth high-pass filter, a 4 pole
Butterworth low-pass filter, ond o 4 pole Bessel low-pass
filter in 1720 deccde frequency steps, it is possible fo
obtain the amplitude and phase response for any filter
function with cut-off frequencies in 1/10 decade steps.
Further, many ofthe ITHACO Variable Electronic Filters
have frequency cut-off steps of 1/10 decade (1/3 octave)
so the resultant tabulations are directly applicable,

PHASE AND AMPLITUDE RESPONSE

VARIABLE ELECTRONIC FILTER
735 WEST CLINTOM STREET ITHACA NE

ITHACO|

TWX 510-255-9307

14850 PHONE 6072727640

PHASE & AMPLITUDE RESPONSE OF 4 POLE
BUTTERWORTH AND BESSEL FILTERS

The phase and amplitude response for a four pole Butter-
worth high-pass, 4 pole Butterworth low-pass, and 4 pole
Bessel low-pass filter are tebulated in Chart [, Il and 1!
respectively. Referring to Chart |, the frequency is
tabulated in the first eleven columns — each column
corresponding fo ¢ 1/10 decade step in cut-off frequency

.— and the emplitude and phase in the last two columns,

If the filter cut-off frequency is one of the 1/10 decade
increments listed at the top of the columns {1.0000,
1.2589, 1.5849, 1.9952, 2.5119, 3.1622, 3.9810, 5.0118,
6.3095, 7.9432, 10.000) or sufficiently close to these
numbers such as the internationally preferred set of
numbers used on the ITHACO Variable Liectronic Filters
(1.0C, 1,25, 1,40, 2.00, 2.50, 3.15, 4.00, 5.00, 6.30, 8.00,
10.0}, the phase and amplifude response can be deter-
mined directly from the charts. If the filter cut-off fre-
quency is very different from these listed, the phese and
amplitude response can be determined by multiplying
each of the frequencies in Column 1 by the cut-off fre-
guency and thereby obtaining a column of frequencies for
the phase and amplitude response listed,

The normalized amplitude response for a 4 pole Butter-
worth high-pass, 4 pole Butterworth low-pass, and 4 pole
Bessel low-pass filter is plotted in Figures 1 and 3 re.
spectively and the normalized phase response is plott-
ed in Figures 2 and 4 respectively. To determine the
response for a particular eut-off frequency, the normaliz-
ed frequency scale on the graph is multiplied by the fil-
ter cut-off frequency. For example, if the filter cut-off
frequency is set to 2KHz, "1 on the normalized fre-
quency scale will indicate 2 KHz, “'2"" on the normatiz-
ed frequency scale wiil indicate 4 KHz, 5"’ on the
normalized frequency scale will indicate 10 KHz, ‘0.5
on the normalized frequency scale will indicate 1 KHz,
etc. In this manner o single curve can specify all filter
settings.

TYPICAL ITHACO YARIABLE ELECTRONIC FILTERS



BAND~PASS FILTERS FORMED BY CASCADING
HIGH-PASS AND LOW-PASS FILTERS

A band-pass filter can be formed by cascading a high-
pass filter with a low-pass filter, and the resultant
phase and amplitude response can be cbicined from the
individual filter responses by adding the amplitude in
dB and the phase in degrees at the SAME frequency.

It is the requirement thot the phase and amplitude re-
sponse be added at the same frequency which dictated
that the cut-off frequencies und the frequency increments
be in compatable logarithmic steps. Referring to Chart |
ond Chart I, note each column contains the same fre-
quencies {except at the extremes which are least sig-
nificant), So the phase end amplitude response can be
obtained by adding the response in Chart | to that in
Chart |l for any of the given filter settings.

EXAMPLE: For a Variable Electronic Filter set to:
High-Pass Setting, Fyp = 1.2589 Ktz

Low-Pass Setting, Fi p = 3.1622 KHz

Band-Pass Center Freq., F =/(1.2589} (3.1622) KHz

= 1.9952 KHz

Refer to Chart |, column 2 for the frequencies for e high-
pass filter setting of 1.2589 KHz. Refes to Chart 1}, col-
umn 6 for the frequencies for a low-pass fiiter setting of
3.1622 KHz. The amplitude and phase information in
Chart | is added to the amplitude end phase information
in Chart It for the same frequency. Seme of the infor-
mation in Chart | and Chart || are tabulated below. Note,
for 1.2589 KHz the high-pass amplitude response is
301 dB and the low-pass amplitude response is 0.C dB
so the resulting band-pass filter amplitude response is
~3.014dB, Similarly, for 1.2589 KHz, the high-pass phase
response is 180.0 degrees and the low-pess phase re-
sponse is ~58.4 degrees, so the band-pass filter phase
response is 1216 degrees.

Chart IV, for example, is the overull response of o 4 pole
Butterworth high-pass and low-pass filter cascaded with
equal cut-off frequencies. This chart was obtained by
assuming that the cut-off frequency for both filter sec-
tions was 1.000C so the phase and amplitude response

for each frequency in column 1 of Chert | was added to
the corresponding phase and amplitude response for the
same frequency in column 1 of Chart lI.

Similarly Chart V is the overall response for a 4 pole
Butterworth high-pass cascaded with a4 pole Buiterworth
low-pass with the cut-off frequency separated by 1/10
decade. To obtain this tabulation the high-pass filter
was assumed to have a cut-off frequency of 1.000 (col-
umn | of Chart |} end the low-pass filter was assumed to
have a ‘cut-off frequency of 1,2589 [column 2 of Chart
[} and the resuitent tabulation was obtained by locking
up the amplitude and phase response for each frequency
in column 1 of Chart | and adding it to the corresponding
amplitude and phase response for the same frequency in
column 2 of Chart I,

Similarly Chart VI and VII where obtained from Chart |
and Chatt |1 for 2/10 decade and 3/10 decade separation
of the high and low-pass filters.

Figures 5 and 6 show the normelized amplitude and phase
response of a band-pass filter formed by cascading 4 pole
Butterworth filters for 010, 1/10, 2710, 3/10 decade
separation. Figure 7 shows the variation in filter gain
(insertion loss) as the cut-off frequency of the high-pass
and low-pass filters cre separated. Figure 8 shows the
normalized amplitude response with the insertion loss
removed so the filter characteristics can be compared
for different cut-off separctions. Note that the filter re-
sponse for no separation is only siightly different from
those with 1/10 and 2/10 decade spearation, but the in-
sertion loss is guite different which suggests that fer
many applications 2/10 decade separation is preferable.
Figures 9 through 12 show families of band-pass filters
with 1/10 decade steps in cut-off frequencies.

Cheart VIl is an exgct tabulation of —3dB frequencies
center frequency, bandwidth, noise bandwidth, and filter
gain for the internctionally preferred set of frequency
settings (1.00, 1.25, 1.60, 2,00, 2.50, 3.15, 4.00, 5.00,
6.30, 8.00) used in the ITHACG Variabie Electronic
Filter. This information is tabuleted in a manner which
permits it to be used for any combination of filter seft-
ings.

HIGH-PASS FHp = 1.2589  LOW-PASS FLp ©3.1622  BAND-PASS Fo = 1.9952
CHART I CHART I NEW CHART
Q Q Q Q Q]
EREQ. |AMPLITUDE | PHASE FREQ. | AMPLITUDE 1 PHASE FREQ. | AMPLITUDE | PHASE |
Hax 48 DEGREES Hz 4B DEGREES Hz dB DEGREES
1.2589 3,01 180.0 1.2589 .00 — 58.4 1,2589 ~3.01 121.6
1.4125 1.46 153.5 1,4125 - .01 - $6.0 1.4125 =1,47 87.3
1.5849 - .64 130.6 1.5849 - .02 ~ 74.8 1.5849 ~ .66 55,8
1.7783 - .27 112,1 1.7783 - .04 - 85.0 1.7783 - .31 27.1
1.9952 -~ .11 97.3 1.9952 ~ 11 - 97.3 1.9952 - .22 0.0
2,2387 - .04 85.1. 2,2387 - .z =1i2.1 2,2387 - 31 -~ 27.0
2.5119 - 02 74.8 2.5119 - 254 ~130.6 | 2.511¢ — .66 - 55.8
2.3183 ~- .01 66.0 2.8183 ~1,46 -153.5 2.8183 ~1.47 ~ 87.5
3,1622 .00 58.4 3.1622 -3.01 -180.0 3.1622 -3,01 -121.6

P
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AMPLITURE RESPONRSE, dB
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NORMALIZED AMPLITUDE RESPONSE

BAND-PASS FILTERS FORMED BY CASCADING 4 POLE BUTTERWORTH LOW-PASS AND HIGH-PASS FILTERS
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HIGH-PASS FILTER

BUTTERWORTH

PHASE & AMPLITUDE RESFONSE OF A 4 POLE HUTTERWORTH HIGH-PASS FILYER

CHART

FREQUENCY SETTING, Ha AMPLITUBE | pyaeg
1.0060 E 1.2589 [ 1.5849 ? 1.9952 i 2.5119 ! 21622 ‘ 3.5810 | 50118 { 6.3095 { 7.9432 [ 16.000 | pesponse | mesponse
FREQUENCY, Hx 4B LEGREES
0108 0126 0158 0200 0251 L0316 0398 L0501 L0631 0794 L1000 -160.0 388,5
oz 0141 D78 8224 0282 G385 G447 8563 0708 0891 L1122 -156.0 358.3
0126 0158 L0200 6251 L0318 .0ase L0501 8631 0794 L1000 1259 -152.8 358.1
014! 0178 0224 5782 L0355 0447 L0562 0708 .08%1 1122 1413 -148,0 357,9
0158 L0200 B251 0316 G398 L0301 L0631 0794 . 1000 1255 .1585 144,50 357.4
0178 0224 0282 .0355 0447 L0562 0708 0891 122 1413 1778 -140.0 357.3
0200 0251 0316 L0398 0501 L0631 L0794 .1000 1259 1585 1995 -136.0 357.6
0224 0282 0355 0447 0562 0768 5821 1122 L1413 1178 ,2239 -132.0 356.6
0251 0316 L0398 G501 “G831 0794 1000 1259 1585 1995 L2512 1280 3562
.0282 .0355 0447 0562 008 0891 1122 1413 1778 .2239 .2818 1240 355.8
6316 D398 .0501 L0631 0794 L1000 .125% L1585 L1995 L2512 L3162 -120.0 355.3
.0355 L0447 0562 .0708 L0891 L1122 1413 1778 2239 2818 3548 1360 154.7
0398 ik 6631 0794 1000 1259 1585 L1998 L3512 3162 L3981 2.0 354.0
0447 0562 0788 0891 1122 L1413 1778 L2238 2818 .3548 4467 -108.0 353.3
.0501 L0631 0794 1000 1259 1588 1985 ,25%2 L3162 .3981 5012 -104.0 3525
0552 0708 0891 1122 1413 1778 2739 2818 .3548 4467 5623 -160.0 351.6
0631 KT L1000 1259 1585 1995 2512 L3162 .3581 L5012 L6310 - 56,0 350.5
G708 L0891 12 1413 1778 .2239 2818 .3548 4487 56723 7079 - 924 349.4
0794 L1000 1259 1585 1995 2512 .3182 .3981 L5012 L6310 7943 - 88.08 348, 1
.0891 1122 1412 1778 L2239 2818 ,3548 4467 L5623 7079 8912 - 840 466
TG00 1259 L1585 1995 2512 L3167 3981 5012 6210 7933 | 1.0060 SE00 ELE)
1122 1413 1778 2239 .2818 .3548 L4467 L5623 7077 L8912 | 11720 . 76.8 43,2
1259 .1585 1993 .2512 3182 ,3981 5012 L6310 7943 | LOBOO | 1.2589 . 720 341.1
1413 1778 .223% 2818 ,3548 4467 5623 7079 8912 | 11220 | 1.4195 - 8.0 338.5
1585 1595 2512 3162 E5E] "5012 L6310 7543 1.0000 | 1.2585 | 1.5849 - 64.0 336.2
L3778 .2239 L2818 .3548 L4467 .5623 7079 L8912 11220 1 14125 | 17783 - 60,0 333.2
1995 2512 L2162 ,3981 .5012 L6310 7943 | 1.0000 1.2589 { 1.3849 | 17,9952 - 56,0 230,0
L2239 2818 .3548 4467 5623 .7079 891z 1 1.1220 1.4125 | 1.7783 | 27459 - 520 3262
V2517 ATy L3981 L5012 L6310 L7943 10000 1.2589 1.5849 1.9952 2,5119 - 48.0 3730
L2818 3548 4467 L5623 7979 L8912 13,1220 1,4125 1.7783 2.2387 2.8183 . 44,0 317.3
3162 L3981 5012 46310 7943 1.6040 ,2589 1.584¢% 1.9962 2.511% 1.1522 - 400 310.0
3548 4467 $693 7879 8912 L1220 ¢ 14125 1.7783 2,2387 1 2.8183 | 35483 - 360 365.%
,3981 5012 L6310 7943 | 1.0000 1.2589 | 1,5849 1.6952 25110 | 3-1622 1 2.9810 1 - 32.00 5.5
4467 .5623 7679 8912 L0 1.4125 | 1.7783 | 2.2387 2.8183 | 3.5481 | 44668 | - 28.01 251.0
.5012 .6310 7943 1.0000 | 1.2589 1.5849 | 19952 | Z.511% 31622 | 39810 | son1e | - 2402 281.3
5623 7079 8912 11220 14125 1.7783 | 3,227 1 2.8183 3,5481 | A4668 | 56233 | . 20,04 271.2
L6310 7943 | 1.0000 1.258¢ | 1.5849 19952 1 2.5119 1 3.164% 3.9810 | 5.01%8 | 3095 | ¢ ¥6.1% 756.6
7079 8912 | 11220 14125 | L7783 2.2387 } 2.8183 | 3.548) 44668 | 5.6233 | 10794 | - 12.27 243.5
7943 1,.0600 | 1.2589 15849 | L9952 2.5119 | 31622 | 39810 50118 | 63095 | 79432 | - 8.4 2254
8912 1.1220 | 1.4125 17783 | 2.2387 2,83183 1 35481 4.4668 56233 | 7.0794 1 89124 | - 5.46 203.%
10000 1.7580 | T.5849 1.9957 | 2.5119 37622 7 39810, | 5.0718 & 3095 | 7.9432 | TO000 T - 3.87 T80.0
11220 1.4125 | 1.7783 2.2387 | 2.8183 3.5481 1 4.4668 | 5.6233 7.0794 | 89124 | 11228 | . 1.4 156.1
1.2589 1.584% | 1.9952 2.5119 | 3.1622 39810 | 50118 | 63095 7.9432 | 10.000 | 12.589 | . 0.4 134.6
1.4125 17783 1 22387 2.8183 | 3.5481 44668 1 5.£233 7.0794 8.9124 | 1,220 14,125 | . 627 116.5
T, 5849 1.9952 | 2.5119 | 3.1622 | 3.981C T.0T18 | 46,2095 | 7.9432 10.000 | 12,087 | 19.847 011 oA
1.7783 2.2387 | 2.8183 3.5481 | 4.4668 5.6233 | 7.0794 | B.9124 1,220 | 14,125 | 37.783 | . o4 5.8
1.9952 25119 | 31622 3.98i¢ | 5.0118 6.3095 | 7.9432 10.000 12.589 | 15849 | 19.952 | . g 78.2
22387 | 2.8183 1 3.548) | s4cd8 | 54233 | 7.0794 [ 89194 | 11320 14,125 5 17,783 ) 30387 | . 0907 5.0
2.5119 3.1622 1 3.9810 50118 | &.3095 7.9452 16.000 | 12.589 15.849 § 19,952 | 25.1%9 0.60 BL1
2.8183 3,5481 | 4.4868 5.6233 | 7.0794 89124 | 1L220 | 14.125 17.783 | 22,387 | 28,183 0.00 £4.1
31622 31,9810 | 5.0118 | 5.3095 | 7.9432 10,000 12.589 | 15.849 19.952 | 25,11% | 31.622 0.00 48.0
25481 44668 1 56233 | 70794 | 89124 11.220 14,125 17.783 22.387 | 28 13 1 35.481 0.00 42.7
3.9810 50118 | 6.3095 7.9432 | 18,000 T2.58% 15.849 | 19.952 25,419 1 ane22 | 39.810 6.00 2.0
4.4668 5.6233 | 7.0794 8,9124 | 11.220 14.125 1783 | 22.087 28,183 7548} | 44.668 6.60 33.8
5.G118 6.3095 | 7.9432 10,800 | 12.589 15.849 | 19.952 | 25.1%9 31.622 | 39.210 | 50.118 0.60 30.0
5.6233 7.6794 §.9124 11,220 | 14.125 17.783 22,387 28,183 35.48% 44,668 56.233 0.00 26,7
6.3095 7.9437 | 10,000 TI35Y | 15.849 TeST T 25115 | 31.622 39.810 | 0,118 | 63.09% 0.00 FEN:
7.0794 2.9124 | 11220 14,125 | 17,783 22,387 | 28,183 | 15.48) 44.668 | 56,233 | 70.794 0.00 2.2
7.9432 10,000 | 12,589 15.849 | 19.952 25,119 | 31422 | 39.810 50118 | 63.095 | 79.432 0.00 12.9
8.9124 11,220 1 14.125 17.783 | 22,187 28,183 | 35481 | 44.668 56233 1 snroq | 89124 0.00 16.8
10.000 T2.589 | 15.849 19.952 | 25.119 JL8ZY | 39.810 | 50.118 63,095 | 76,432 | 100.00 0.0 15.0
11,220 14,125 | 17,783 22.387 | 28.183 35.481 | 44.468 | 56,233 70.794 1 89124 | 112.20 0.60 13.4
12.589 15,849 | 19,852 | 25.119 | 31,622 39.810 | 50118 | 63.085 76.432 | 180,00 | 125,89 .80 1.9
14,125 17,783 1 .22.387 28.183 | 38 4891 44.668 . 56233 70,754 85,124 1 19220 141,25 0,00 0.4
15.849 19.952 | 25.119 31647 | 39.810 50.118 | 43.095 79.432 100.60 | 125.89 158,49 0.00 9.4
17.783 22,387 | 28.783 35481 | 44,668 56.233 70,794 89,124 112,20 | 141,28 177.33 0.00 8.4
19.952 25,119 | 31622 | 39.810 | 50,018 63.095 | 79.432 104.00 125.89 | 158.49 | 199.52 0.00 7.5
22,387 i 28,183 | 3%.48] 44.668 | 56233 70.794 | 89,124 112.20 141,25 1 177.83 | 223.87 0.00 6.7
25,119 31622 | 39.810 | 30.118 | 63.093 79.437 | 100,00 125.89 158,49 | 199,52 | 251.19 0,00 50
28.183 35.481 | 44.668 | 56.233 | 70,794 89.124 | 112,20 141,25 177.83 | 223,87 | 281.83 0.00 5.3
31.622 39.810 | 50.118 | 63.895 | 19.472 100.06 | 125.89 | 158.4% 199,52 | 25119 |} 314.22 0.00 4.7
35.481 44.668 | 55293 1 70,784 86124 11226 | 141,23 | 177.83 297 87 | 2R1.83 1 35481 £.00 4.2
39.810 50118 | 63.085 | 79.43% { 100,00 125.8% | 188,49 199,52 251,19 | 31622 | 398.10 0.0 58
44.668 56.233 | 76,794 1 B9.124 | 112,28 141.25 | 173 | 2m3.87 281.83 | 354.81 § 446.68 0,00 3.4
50.118 63.095 | 79.432 1 100,06 | 125.89 158.49 | 199,52 | 25119 | 316,22 | 398.10 1§ 50118 0,00 %0
56,233 70.794 1 89924 | 112.20 [ 147,35 177.83 | 29387 | 281.83 | 3seR] | 446,68 : 362,33 0,00 2.7
§3.095 | 79.432 } 100,00 | 125.89 1 158,49 | 199.52 | 251,19 | 316.22 | 298.10 | 561,18 | 640.95 .60 2.4
70.794 89.324 | 112,20 | 14123 [ 1rn83 223,87 | 281,83 | 354.81 446.68 1 562,33 1 107.94 8.00 2.1
79.432 100,00 | 125,89 | 158.49 | 199,52 251,19 | 316,22 39810 | 56118 | 630,35 } 794.32 0.00 1.9
85.124 112,20 | 141,28 | 177.83 | 223,97 281,83 | 354.81 446.68 562,33 | 707.94 1 891.24 0.00 1 %4
100,00 125.89 | 158.49 | 199.52 | 95119 316,22 | 298 18 501,18 630,93 1 794,32 1 1000.0 0.00 1.5
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CHART

LOW-PASS FILTER
BUTTERWCRTH

PHASE & AMPLITUDE RESPONSE OF A 4 POLE BUTTERWORTH LOW-PASS FILTER

FREQUENCY SETTING, Hz
AMPLITDE FHASE
1.6000 { 1.2589 P 1.5849 } 1.9952 ] 25119 1 3.1622 39810 | 50118 I 6.30%5 ’ 7.9432 I WO | epsponse | REspoNsE
48 DREGRERS
FREQUENCY, Hz
L0100 Q126 0158 200 0251 0316 0398 0501 L0631 0794 L1008 0,00 - s
an2 0141 0178 0224 0282 .0355 0447 0562 L0708 0891 122 0.00 - 17
0126 0158 L0260 .g251 06316 0398 L0501 L0631 D794 1000 1239 0.60 1.9
L0141 8178 0224 8287 L0355 D447 0562 0708 20891 1122 1413 .00 A
L0158 T2 G251t 0316 LT ,0501 L0631 (794 L1000 1259 1585 0.80 o 2.4
G178 L0224 .0282 ,0355 0447 0562 0708 0891 122 1413 1778 0.60 2.7
(200 L0251 8316 L0398 0501 D631 0794 L1000 1259 L1585 1595 0.00 3.0
0224 L0282 0355 0447 L0562 0708 Al 122 iz 1778 2239 0,00 3.4
L0251 0316 0398 L8501 L0831 0754 1000 1259 L1385 1995 2512 0.00 3.3
L0282 L0355 0447 .0562 4708 L0891 L1122 1413 1778 .223% L2818 6.00 2
0316 0398 L0501 L6631 L0794 1008 1259 1585 .1995 2512 3162 0.00 4.7
0355 L0447 0362 0788 .5891 L1122 1413 1778 L2239 2818 3548 £.00 . 53
0398 L0501 0631 0794 1060 L1259 1585 L1995 ] L3162 L3981 0.00 - 6.0
Dad? L0562 0708 L0891 22 1413 778 .2239 L2818 3548 4487 0.00 .87
0581 0631 0794 .1060 1259 L1585 L1995 2512 3142 .3981 5012 0.00 - 7.5
0562 0708 .0891 1122 1413 1778 2238 L2818 .3548 L4467 5623 0.00 3.4
L0631 6794 1000 1259 NEEE 1965 2517 L3162 L3984 EG12 6310 0,00 o 0.4
.0708 0891 L1122 (1413 L1778 2239 .2818 ,3548 4467 5623 7079 0.00 - 10.4
0794 1008 125¢ 1585 L1995 2512 3182 .3981 L5012 L6310 .7942 0.00 .9
089 1 L1122 L1413 1778 .2236 2818 ,3548 4467 .5623 7079 8912 .60 13.4
™ 1500 1255 NEEE 1995 | ibii 3162 L3981 5012 6370 7943 1 1.0600 0.00 § - is.C
1122 1413 1778 ,2239 .2818 L3548 L4467 .5623 7079 8912 | 1.1220 0.60 16.8
L1259 .1585 1995 2512 .3162 .3981 5012 6310 7943 | LOOOO | 7.2589 0.00 8.5
1413 1778 .223% 2818 13548 L4457 5623 7079 017 | 11220 | 34125 .00 212
1585 L1995 L2512 L3162 3661 TEB12 L6310 L1943 1.0060 | 12589 | 1.5849 0.60 - 22,8
1778 ,2239 .2818 ,3548 4487 .5623 7079 8912 11220 ¢ 1.4125 | L7783 .00 26.7
1995 \2512 L3162 ,3981 S0z L6318 7943 1.5000 1,2589 1 1.584% | 1.9952 0.00 0.0
2239 L2818 L3548 4487 5623 .7079 8913 11220 $,4125 1 17783 | 29387 0.00 . 338
L2812 L3182 .3981 5012 L8310 L9431 71,0006 1,2589 15845 | 1.5952 | 2.5119 .60 RIS
2818 .3548 4467 5623 L7079 8912 11220 +.4128 1.7783 2,2387 2.8183 0,00 A2.7
3162 .3981 L5012 L6310 7943 10000 | 12589 1.584% 1.9952 | Z.51%9 1 a3,1422 8,08 | - 48,0
543 4467 56249 7078 8912 11220 14125 31,7783 22287 | 2.8183 | 35497 0.06 | - 54.1
.3981 L5012 L6310 7943 | 1.00C0 T1.2589 | 15849 1.9932 2.5119 | 3.1622 | 3.9810 0.00 Tt
4487 .5623 \707% 8912 | L1220 1.4125 | 17783 | 2.2387 2.8183 | 3.54B1 | 4.4668 1. .01 . 69,0
5012 46210 7943 +,0000 | 1.2589 1.5849 | 1.9952 | 2.5119 31622 | 3.9810 § 50118 1. 0.2 | - 782
5423 7079 8912 ¢+ 11220 | 1,4125 1.7783 : 22387 | 2.8183 3.5481 ¢ A.4668 | 56033 1. 0.04 83.3
6310 7943 | 1.0065 1.258% | 1.5849 T905% | 2.5119 | %1622 3981070 50118 | 6.3095 |- G.11 014
rievds 8912 | 11228 1:4125 | 17783 2,2387 | 2.8183 | 3.5481 4.4668 | 5.6233 | 7.0794 |. 0.7 -116.5
7943 L0000 | 1.2589 1.5849 | L9952 25119 | 31622 | 3.9810 50118 | 43095 | 7.9432 |- 0.84 -134.4
L8912 11220 | 1.4125 1.7783 | 2.2387 2.8183 | 35481 | 4.4868 56233 1 7.0794 | 89124 |- 1.46 _15¢.1
1.0000 1.2589 | 1.5849 1.6952 | 2.5119 33622 | 2.9816 | B8118 .3005 | 7.9432 ] 10.000 |- 2.0 TTEE.0
1.1220 1.4125 | 17783 2.2387 | 2.3783 15481 | 44468 | 5.6233 70794 | 89124 | 11,220 || g4 2039
1.2589 1.5849 | 1.9952 2.511% | 31622 39810 | 50118 | 6.3095 7.9433 1 10,000 | 12589 | . g.g4 -225.4
1.4125 1.7783 | 2.2387 2.8183 | 3.5481 4.4668 1 5 a73% | 1.0794 89174 1 11220 | 14125 | 4o9e 243, 5
1.5849 1.9952 | 2.5119 3.1622 | 3.981C 3.6118 | 6,095 | 7.9432 10,000 | 12.589 1 15.84% T.18.11 884
17783 2.2387 | 2.8183 3.5481 | 4.4848 5.6233 | r.0794 | 8.9124 11220 | 14125 17,783 |- 20,04 | -271.2
1.9952 2.511% | 3.14622 3.9810 | 50118 6.3095 | 7.9432 10.000 12,589 | 15.849 | 19.952 |. 24.02 L2818
7387 2.8183 | 13,5481 44668 | 5.6233 7.0794 | 80194 11.220 14,125 | 17783 | 22,387 ;- 98,01 91,0
25119 31622 | 3.9810 50118 | 6.3095 7.9432 10,000 1 12.589 15.84% | 19.952 | 25.119 . 32,00 | -298.9
2.8183 3.5481 | 4.4668 5.6233 | 7.0794 B.9124 1,220 14.125 17.783 | 22.387 | 28,183 |. 36.00 | -305.9
1,1622 3.9810 5.0118 6.3095 | 7.9432 16,000 12,589 15.849 1%.952 | 25.119 31622 1. 40,00 23120
431 44668 5 4233 7 0794 | 8.9124 11,220 14,125 17.783 22,387 | 28183 35.481 . 4106 4173
39810 50118 | 6.3095 7.9432  10.000 12,550 15.849 | 19.952 257197 31822 | 39.810 | . 4800 | -324.1
4,4668 56233 | 7.0794 8.9124 | 11,220 14,125 17.783 | 22,387 28.183 | 35481 | 44668 | . 52,00 | -326.2
5.0118 6.3095 | 7.9432 30.000 | 12,589 15,849 1 19,952 | 25.11% 31622 | 39,870 | 50.118 . 5500 | -330.0
§233. | yo7e4 ) B.9124 | 11,220 | 14,125 17,783 | 22.387 | 28.183 35.481 | 44,668 ;| 56.233 |. 000 | -333.3
5.3695 7.9432 | 16,000 T2.587 | 15.845 TOo52 | 25.019 | 31822 39.81C | 50,118 | 6%.095 |- 6400 )
7.0794 8.9124 | 11.220 14,128 | 17,783 22.387 | 28,183 | 35.48% 44,668 + 56,233 | TOT94 |- 48,00 -338.8
7.9432 10.000 12,589 15,649 | 19.952 25119 | 31422 | 39.810 50.118 | 63.095 | 79.437 |. 72.00 3401
8.9124 11,220 | 14.125 17.783 {22,387 28.183 | 3c48y | 44.668 56,233 1 700764 | 89.124 1. 7600 | 3432
10.000 12,359 15,849 19952 125119 31624 39.810 50,118 £3.095 | 79.432 100,08 | - 80,00 -345.0
11.220 14.125 17.783 22,387 | 28,183 35.48! 44,668 54.233 70.794 | 89.124 L - 8400 -346.6
12.58% 15.849 19,952 25,119 | 31.622 39.810 50,118 63.095 79.432 100.00 125,89 . £8.00 348, 1
14123 17,783 22,387 28,183 1 35.48] 44.668 55,733 79,794 89.124 | 112,20 141.25 | . 9200 -349.4
15.849 19.952 | 25.119 31622 | 39.810 500118 1 63,095 | 79,432 100.00 | 125.89 | 158,49 |- 96.06 | .350.5
17.783 22,387 | 28,183 35.481 | 44.668 56.233 | 70.794 | 89.124 112,20 | 14125 177.83 | -100.00 | 3516
19.952 25019 | 31822 39.810 | 50.118 63,098 | 79.432 100,00 125.89 | 158.49 | 199.52 [ -104.00 | .352.5
23387 28.183 35,481 44.668 1 55,933 70.754 | 89,124 112.20 141.25 | 177.83 273,87 | -108.00 -355.3
25.119 31622 | 39.810 50.118 1 63,095 70371 166,00 125,89 158,49 | 199.52 | 251.1% | -112.00 | 3340
28,183 35.48% | 44,668 | 56233 | 70.794 B9.124 | 11220 | 14125 Y7783 | 223.87 | 28183 | -116.00 | 3547
31.622 39.810 | 50,118 | 63.095 | 79.432 100.00 | 125,89 158.49 199,52 | 251.19 | 31422 | .i20.00 | -355.3
35,481 | 44,668 | £6.233 | 70794 igg o4 | 11220 | 24195 | 177.83 0 posav | 981,83 | 35481 | -124.00 | .355.8
39.810 50118 | 63.095 | 79.432 1108.00 1253571 158.49 19%.52 28119 | 316.27 | 398,10 | -128T¢ | -356.2
44,668 56.233 | 70794 | 89.324 | 131220 | 14125 | 177,83 | 223.87 | 281.83 | 354.81 | 446.68 |-132.00 | -3%6.6
50,118 63.095 | 79.432 100.00 | 125.89 158.49 199,52 | 25119 316,22 | 398,38 | 50118 | -138.00 | -357.0
56,233 70794 ) 29,024 1 112,20 1 14105 1 177.83 ) 22387 | 281.83 354,83 [ 44668 562,33 | .140.00 | .357.3
63.095 | 79,432 | 100,60 | ¥25.89 [158.49 | 199.52 [ 25119 | 316,22 | 398,10 | 501.18 1 830.95 | +144.00 | -357.8
76.794 89.124 | M12.20 14125 117783 223.87 | 281.83 | 354,8% 446,68 | 562.33 | 707.94 | -148.00 | .357.9
79.432 100.00 125,89 | 158,49 1199.52 | 25119 [ 31622 | ;9810 501,18 | 630.95 | 794,32 -152.00 | -358.%
8%.124 112,20 141.25 177.83 1§ 223.87 281.83 | 354,83 446,68 562.33 | 707.94 | 89L24 |-156.00 | .358.3
16¢.60 122,89 | 158,49 199.52 25119 316.22 | 26810 | 501,18 £30.95 1 794.22 | 1000.0 1.160,00 | .358.5
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CHART
LOW-PASS FILTER
BESSEL — LINEAR PHASE — MAXIMAL FLAY TIME DELAY
PHASE & AMPLITUDE RESPONSE OF A 4 POLE BESSEL LOW-PASS FILTER
FREQUENCY SETTING, H:

1.0000 ! 1.2589 | 1.5849 i 19952 E 2.5119 ! 31622 i 3.9818 l 50118 ] £6.3095 i 7.5432 f 10.000 | ampLiTune | erase
RESPONSE | RESPONSE
FREQUENCY, Hz B DEGREES
0180 0126 0158 0200 0281 0316 0398 L0501 L0631 0794 .1600 .06 | - 194
o2 0141 278 0224 0282 0355 0447 .0562 6708 0891 .n22 8.00 | - 2.18
0126 L0158 0200 0251 0314 .0398 0501 L0531 0794 1080 .125% 800 | - 245
L0141 0178 0724 0282 0358 0447 4562 0798 .0ge1 L1122 1413 8,08 1 . 274
0158 0200 L0251 0314 .0398 L0501 0631 L0794 L1000 .1259 1585 6.00 | - 3.8
0178 0224 .0282 0355 0447 0582 0708 .0891 1122 1413 1778 0.00 | - 3.45
0200 L0251 0316 0398 .0501 0631 0794 1000 1259 .1585 1995 .06 | - 3.88
0224 0282 0355 0447 0562 0708 0891 1122 1413 77 2239 0,06 | - 4.25
L0251 G316 L0398 G501 L0631 G794 1000 .125% L1585 1955 L2512 8.0C | - 4.88
0282 .0355 L0447 L0562 0708 0891 1122 1413 1778 .2239 2818 ¢ - 001 | - 547
036 .0398 L0501 L0621 0794 10 L1259 1585 1995 .2512 362 fF - 0.8 - 64
.6353 (447 0582 5708 0891 L1122 1413 778 .2239 2818 3548 PR AT Y1
.0398 0T 0631 0794 L1000 L1259 1585 1995 2512 3152 .3%81 - 0.01 - 773
0447 L0862 0708 0891 L1122 413 1778 ,2239 2818 .3548 4467 | - 00T | - 8.8
L0501 0631 0794 1080 1259 1585 1995 2512 362 3981 5012 - 002 - 93
0562 ,0708 0891 1122 L1413 1778 .2239 2818 ,3548 4467 5623 | - 0.02 | - 10,92
L0631 0794 1000 L1259 L1385 1995 L2512 EiLF) .3981) 5012 L6310 Lo003 | L 12es
0708 0891 2z 1413 L1778 2239 .2818 .3548 4467 L5623 7079 .on04 | - 13s
0794 L1000 .1259 .1585 1995 2512 3162 L3981 .5032 L6310 7943 . 005 ! - 1543
,0891 L1122 RERE 1778 L F239 .2818 .3548 4467 L5623 .7079 L8912 . 806 1 . 17,31
000 1259 L1585 1595 2512 312 3981 (5012 6310 7985 1 1.0000 P T ST
22 L1413 78 .2239 2818 3548 L4467 5623 7079 8912 1.1228 . 009 | - 2t79
1259 L1585 1995 2512 3182 iy L5012 4310 7943 1.0000 1.2589 AT . 14.45
1413 1778 .223% 2818 .3548 4467 L5623 7679 8912 11220 | 1.4125 04 27 4n
1585 1995 2512 3162 L3981 5012 L6310 L7943 T.6000 | 1-2589 | 1.5849 . 018 | - 3078
L1778 .2239 .2818 3548 4467 .5623 7079 8912 11220 1.4125 1.7783 « 0,23 | - 34,54
L1995 L2512 L3162 3981 L5012 L6319 7943 | LOOOC 1,2589 | 1.5849 | .5952 - 029 | - 3893
2239 2818 3548 4447 .5623 7079 8912 1 L1230 1.4125 § 1.7783 | 9. 2387 . 0.36 ! - 4348
2512 L3164 3981 5012 L6310 7943 1.0000 1.2589 1.5849 1.9952 2,5119 . 0.45 i - 48.78
2818 ,3548 4467 .5623 7079 L8912 11220 | 1.4125 17783 1 22387 | 2.8183 . 057 ] - 544
L3162 .3981 L5012 L6310 7943 1.0000 1.2589 | 1.5849 19952 | 2.5119 | 3.18322 073 - 8t
354 L4467 5623 2079 8312 L1220 | 3.4125 | 1.7783 2.2387 | 2.8183 | 35481 - 0.92 1 . g891
.3981 5017 L6310 L7943 | 10000 12589 | 1,5849 | 1.9952 25119 | 516822 | 2.9810 AT IS
L4467 5623 7079 8912 | 11220 14125 | 17783 | 2.2087 2.8183 | 3.5481 | 4.4488 .48 1 - 8673
5012 6310 71943 1.0000 | 1.2589 1.5849 1.9952 | 25119 31622 | 39810 | 50118 . 188 ] - 97.29
5623 7679 L8912 11220 | 1.4125 17783 | 22397 | 28183 3.5481 | 44668 | 54233 - 2.41 | -189.89
L6310 L7943 | 1.000C 1.2589 | 1.0B4% 19994 | 25119 | 31622 I98T0 | 5.0118 | 6.3095 A I ST M )
7479 8912 L1220 L4125 | 17783 2,2387 | 2.8183 | 3.548% 4.4668 |« 56233 | 7.0794 - 3,98 1 -136.75
7943 1.0600 | 12889 1,5849 | 1.9952 2819 | 31622 0 29810 50118 6.3095 | 7.9432 - B5 1 -152.57
8912 1.1220 - 14328 17783 | 2.2387 2.8183 3.5481 4.4568 3.6233 1 7.0794 B.9124 - £.87 1 169,43
1.0600 1.2589 | 1.5849 1.9957 | 2.5119 31622 | 3.9810 | S.C118 8.3095 | 7.9432 1 10.000 . B,58 | -186.80
1.1220 1.412% | L7783 22387 | 2.8183 3.5481 44568 | 5.6223 7.0794 | 8.9124 | 1.220 - w9t | -204010
1.258% 1.5849 | 1.9952 25119 | 3.1622 39810 | 58118 | 6.3095 7.9432 | 10.000 | 12.589 - 13.64 | -220.65
1.4125 17783 1 2.9387 2,8183 | 3.5481 4.4568 | 5931 | 7.0794 8.9124 | 11.220 | 14.135 S 1669 | -9395 99
T 5849 1.9952 | 25119 | 21422 | 3,581 5.0118 | 6.3095 | 7.9432 10.000 | 12.589 TEEIT 20,00 | 245,89
1.7783 2.2387 ] 2.8183 | 3.5481 | 4.4648 56233 | 7.0794 | 8.9%24 11.220 | 14.125 | 17.783 - 23,50 | -262.31
1,9952 2.5119 § 3.1622 3.9810 | 50118 63095 | 7.9432 | 10.00C 12,589 | 15849 | 19,952 . 27,13 273.37

2.2387 2.8183 | 3,548% 44668 1 56233 70794 1 2o1o4 | 11220 14125 ) 17,783 | 22.387 . an.8e %%%‘%_
2513 3,1622 | 3.9810 3.0118 | 6.3095 7.0832 10,006 | 12.589 15.849 1 19.952 | 25.119 T I T A,
2.8183 3.5481 | d.4668 5.6233 | 7.0794 8.9124 11,220 | 14025 17.782 | 22,387 | 28,183 - 38.51 | -299.28
3.1692 3.9815 | 50118 £,3055 | 7.9432 10.00C 12.58% 15.849 19.952 | 25,119 3L622 - 42,39 -306.01
44668 1| %6231 70704 | 89124 11,220 14,125 | 17.783 22.387 | 28.183 | 35.481 - 46,30 | -311.98
% 5.0118 | 6.3095 7.9432 | 10.000 12,289 15,849 1 19.952 25,119 | 31,622 | d9.810 - 50.24 | -317.27
4.4668 56233 | 7.0794 8.9124 | 11.220 14,125 17.783 | 22.387 28.183 | 35481 44,668 - 5498 | -32.%
5.0118 6.3095 | 7,9432 10.0060 | 12.589 15.849 19,952 25.11% 31.622 | 39.810 50,118 » 58,74 | -326.13
5. 4733 7.0794 2.9124 11,220 14.125 17.783 22.387 28.183 35.481 A4,668 56,233 - 62,11 -329.84
6.3095 7.9437 | 16,000 TI.589 1 15.849 T9.952 | 25.11% 1 31.622 39.810 [ 50118 | 63.095 - GG.0B | Aaag
7.0794 8,9124 | 11,220 14125 | 17.783 22,387 | 28,183 | 35481 44,668 | 56,233 | T0.794 - 70.06 1 -336.07
7.9432 10.800 | 12.58% 15.849 | 19.952 25,119 | 31,427 | 39.810 50.118 | 63.095 | 79.432 - 7405 | -338.08
8,3124 11,226 | 14.125 17.783 | 22.387 28,183 | 35 481 | 44.568 56233 | 707 §9.124 . 78.03 | 34181
10.006 TE587 | 15-B47 119950 | 35.119 1 31627 1 53.810 | S0.118 | 63.095 | 79.432 1 100.00 T 82,02 | -343.08
11,220 14,125 17.783 22,387 | 28.183 35,481 44,668 55,233 70.794 | 89124 112,20 - 8602 | -344,92
12.589 15,849 1 19,952 | 25.119 | 31.622 39.810 | 50.118 | 63.095 79.432 | 100.00 | 125.89 - 90.01 | 346,56
14,125 17,783 | 22987 | 38.183 | a5 481 44,668 1 55,733 1 70.794 89,124 | 11220 | 3141.25 - 04,00 | 34303
15.849 199521 25,119 | 31.622 | 39,810 T0TTE ¢ 63.095 | 79.432 100.00 | 125.8% | 158.49 - 98,00 | -249.33
17.783 22,387 | 28.183 35.481 | 44.¢48 56.233 70.794 89.124 112,20 | 14125 177.83 -182.00 | -350.49
19.952 25119 | 31622 39.810 | 50.118 63.095 1 79,432 | 100.08 125.89 | 158.49 199.52 -106.00 §  -351.52
22,387 | 28,183 | 35481 | 44.668 | 56233 | 70.794 1 g9 174 | 112.20 | 343195 | 177.83 | 223.87 10999 1 35242
25,119 31,822 | 39,810 | SC.118 1 53,095 76.452 190,00 | 125.89 158.4% | 199.52 | 251.19 SH399 [ -353,27
28,183 35.481 44.668 56.233 | 70.794 89.124 112,20 141.25 177.83 223.87 281,83 «117.99 54,00
31,622 39.8310 | 50.118 | 83.095 | 79.437 100.50 12589 | 158.49 199.52 | 25019 | 316.22 S120.9% | -354.85
35,481 44,668 | 86233 | 70,794 | 89 124 112,20 | 14128 | 177,83 22387 | 28183 | 354.8) -125.9¢ | 255,33
39.810 50.118 | 3.005 | 79.432 | 109.60 T25.89 | 158.49 | 199.52 251.19 | 315,22 | 398.10 S129.991 255,75
44,668 56,233 | 70.794 | 89.124 | 112.20 141.25 177.83 | 223,87 281.83 | 354.81 446.68 -133,99 | .356.71
50.118 63.095 | 79.432 100,00 | 125.89 158.49 199.52 2519 316.22 | 398.10 | 501.18 -137.99 | -356.63
56,233 70.794 | goyad ! $12.20 | 14125 177.83 | g3y ] 281.83 3548t | 446.68 | 562.33 -141.99 | .356.99
63,098 79,432 160,80 125.89 | 158.49 199.52 25119 36,22 3%8.16 | 50118 €30.55 -143.99 1 357,32
70,794 89,124 | 112,20 | 14125 | 177.83 2723.87 | 281.83 | 354.8% 446.68 | 562,33 | 707.94 -149.99 1 357,41
79.432 160.00 | 125,89 | 158.4% | 199.52 | 250.39 | 31622 | 298.10 | 50118 | 630.95 | 794.32 213399t -357.87
89.124 11220 141,258 177.83 | 223.87 281.83 154,81 446.48 562,33 | 707.94 | 891.24 <157.99 | -358.10
100,50 32589 § 1ss.49 | 199.52 135139 | 316,22 | 9810 | 50118 §30.95 | 794,32 | 1000.0 216199 | 388 31



CHART 1V BAND-PASS FILTER
FLe * Fue * Fo
BAND-PAS5S FILTERS FORMED BY CASCADING 4 POLE BUTTERWORTH HIGH-PASS & LOW-PASS FILTERS

1,0040 1,258% 1.5849 19952 25119 31622 3,9810 5.0118 6.3095 79432 10,000 CENTER FREQ.
1.0060 1,2589 1.5849 19952 25119 3.1622 1.9818 50118 6,3095 7.9432 10.000 LB SETTING
10000 1.2589 1.5849 19952 | 250119 31622 3.9810 501318 | 43095 7.9432 10.000 H.P. SETTING
AMPLITUDRE FHASE
FREQUENCY, H: " O
0100 0126 0158 .0206 0253 0316 L0398 0501 0631 0794 106 -160.0 351.0
0112 L0141 0178 0224 0282 L0355 0447 L0562 L0708 .0891 L4122 | <1560 356.6
0126 0158 0200 G251 03146 0398 0501 L0631 0794 1800 1259 -152.0 356.2
L0141 6178 0224 0282 .0355 0447 0562 .0708 0891 21122 1413 -148.0 155.8
G158 G200 L0251 L0316 "0398 0501 L6631 0794 L1000 125% 1585 ~144.0 3553
0178 0224 L0282 L0355 0447 0562 0708 0891 1122 .1413 1778 -140.0 3547
.0200 0251 L0316 0398 0501 L0631 0794 L1000 1259 .1585 1995 -136.0 354.0
0224 .0282 .0355 p447 .0562 .0708 0891 (1122 1413 1778 12239 -132.0 353.3
L0251 0316 .0398 L0501 L0631 L6794 1000 ,1259 1588 L1993 2512 12,0 KEYR]
0282 .0355 G447 L0562 0708 L0851 JH22 L1413 1778 .2239 2818 -124.0 3516
0316 .0398 L0501 .0831 0794 ,1000 1259 1585 1995 .2512 L2162 -120.0 350.5
0355 0447 0562 0708 0891 1122 1413 1778 .2239 2818 1548 116.0 349.4
0358 O501 “0831 L0754 1806 1259 1585 L1955 .2512 3162 .3981% -112.0 SAB. 1
0447 L0562 6708 6891 1122 L1413 1778 .223% .2818 .3548 4467 -188.0 6.6
L0501 0631 0794 ,1000 1259 1585 1995 ,2512 3162 3981 L5012 104,90 5.0
0562 0708 0891 122 1 L1413 1778 2239 L2818 3548 4467 5623 [ .100.6 343.2
L0631 5754 1660 1259 L1583 1595 .2512 3162 L3981 .5012 L6310 . 96.0 341y
0708 L0891 .H122 1413 718 2229 \2818 L3548 4487 L5623 079 - 92.8 138.8
0754 L1008 1259 ,1585 L1995 L2512 3162 2981 5012 L6310 7943 - 88.0 336.2
.0891 L1122 L1413 1778 .223% 2818 .3548 L4567 5623 .7079 8912 - 84.0 333.3
1600 TTI5Y 1583 _1995 2572 318 3981 "5012 6310 7943 1 1.0000 - 80.0 il
1122 L1413 1778 .2239 2818 .3548 L4467 5623 7079 8912 | 11220 . 76.8 326.3
1259 1585 L1995 .2512 .3182 .3981 .5012 L6310 7943 | 10000 | 1,2589 - 708 W27
L1413 L1778 2239 B18 ,3548 L4467 5623 J079 8912 | 1,1220 | 1.4125 - 68.0 KT
1585 L1995 L2512 3162 3781 5812 6310 L7943 T.0000 | 12589 | 1.5849 - 64.0 24
.1778 . 2238 .2818 ,3548 4467 5623 7079 L8912 1.1220 | 14125 | 1,7783 - 80,0 306.5 i
1995 2512 3162 .3981 5012 L6310 7943 £.0000 1.2589 | 1.584% 1 1,9952 - 56,0 %9.9
2239 2818 .3548 44587 5623 7078 8912.....1.1220 14125 | 1.7783 | 2 oagy -.52.8 292.5
7512 3162 3981 L5012 6310 L7543 10000 | 1.2589 1.5849 | 1.9952 | 2.5119 TN pEE
L2818 3548 L4467 .5623 7079 8212 | L1220 | 14128 17783 | 2.2387 | 2.8183 - 44.0 74.6
,1162 .3981 L5012 6710 7943 1.0000 | 1.2589 | 1.584% 1.9952 | 25119 | 2.1422 - 40.0 3.9
3548 4467 5623 7079 8912 11220 | 14125 1.7783 2.2387 | 2.8183 | 2 8e8} - 36,0 2517
.3981 5012 L6310 7943 | 10000 1.2589 | 1.5849 | 19952 25119 | 31622 ] 3.9810 |- 32.0 779
4467 .5623 .707% 8912 | w220 1.4125 | 17783 | 2.2387 2.8183 | 3.5481 | 4.4668 1. 28.02 2720
L5012 6316 7943 10000 | 12589 1.5849 | 1.9952 | 2.511% 3.1622 | 49810 | 50118 | - 24.04 203.7
L 5423 JG79 8912 21220 11,4325 1.7783 22387 2.8183 3.5481 £.4668 5.6233 . 20.08 182.3
L6310 7643 | 1.6000 1.2589 | 1.584% T.5952 | 2.5119 | 3.1622 39810 ¢ 5.GII8 | 6,3093 | . 16.22 571
7079 8912 | 1.1220 14125 | 17782 2,2387 | 2.8183 | 3.5481 4.4668 | 5.6233 | 7.07%4 | . 12.54 1270
(7943 10000 | 1.2589 1.5849 | 1.9952 25119 | 3.1422 | 3.9830 50188 | 63095 | 7.9432 . 9.2 50.8
L5912 1,1220 | 1.4125 1.7783 | 2.2387 23183 | 35481 | 4.4468 5.6233 | 70794 | B.9124 | . 692 47.8
1.0800 T.2569 | 15847 71,5952 | Z.511% 3.1622 | 39810 | 5.0118 73005 | 7.9432 | 10.000 1. 602 .0
1.1220 1.4125 | 1.7783 2.2387 | 2.8183 3.5481 | 4.4668 | 5.6233 7.0794 | 89124 | 11L.220 | . 92 - 47.8
1.2589 1.5849 1 1.9952 25119 | 3.1622 3.981¢ | 50118 | 6.3095 7.9432 | 10.000 | 12589 |. 928 - 90.8
1.4125 7783 1 29387 2.8183 | 3.3481 £.4668 | 5933 | 7.0794 2.0124 1 11,220 | 14.125 | . 1254 -127.0
1.584% 1.9952 | 5119 2.1622 | 3.9810 5.0118 6.3095 7.9432 18.000 | 12.589 BT | - 18,27 1571
1,7783 2.2387 | 2.8183 3.5481 | 4.4668 5.6233 | 7.0794 | B.9124 1L220 1 14125 | 17.783 | . 20.08 -182.3
1.9952 25119 | 3.1822 3.9810 | 5.0118 63095 | 7.9432 | 10.000 12.589 | 15.34% | 19.952 | . 24.04 -203.7
2.2387 2.8183 | 3.5481 4,4668 | 56933 7.0794 | go1oa 11,220 14,125 | 17.783 [ 22.387 | . 2307 -02.2
2,5119 3.1622 | 2.9810 5.0118 | 6.3095 7.9432 10.000 | 12.589 15.849 | 16,952 1 25,119 | - 320 2379
2.8183 3.5481 | 4.4668 5.6233 | 7.0794 8.9124 11,220 | 14.125 17,783 | 22,387 | 28.183 | . 36.0 -25L7
31692 1.981¢ | 5.0118 5.3095 | 7.5432 zo.oog 12.533 15.3;; 12.952 | 25119 g;gg? - 400 - 2639
2.548] 44668 | 58233 7 q104 | 8.9124 11.22 14.12 17. 22.387 | 28,183 35, - 440 <9744
3.9810 35,8118 | 6.3095 7.9432 | 10.600 T7.559 15,849 | 15.954 25,119 | 31.622 | 39.810 | - 480 T34
4.4668 56233 | 7.0798 | p.9iz4 | 15220 | 14125 | 17.783 | 22387 | 28.183 | 35481 | 44.668 | - 520 § -9253
5.0118 6.3095 | 7.9432 10.006 | 12.38% 15.849 19.952 | 25119 31,622 | 39.810 | 30.118 | . 360 -299.9
5,4233 7.0794 | B.9124 11,220 | 14,125 17.783 | 22.387 | 28,183 35481 | 44 668 | 56233 | . 0.0 - 306.5
6.3095 7.9432 | 10,000 YIS8T 8.8y T5952 | 25.119 1 31822 35,810 | 50.118 | 63005 1 - &40 -312.4
7.0794 8.9124 | 11220 14.125 | 17,783 22.387 | 28.183 | 35.481 44.668 | 56,2331 | 70.794 | . 8.0 -317.6
7.9432 16,000 | 12,589 15.849 | 19,9852 25119 1 31622 | 39.810 50118 | 3095 | 79.432 | . 720 -322.2
8.9124 11.220 | 14,125 17.783 | 92,387 28.183 | 35 481 | 44.668 56233 | 70794 | 89.124 | . 780 23763
10,000 12,589 15,845 19.952 | 25.119 31.622 39.810 50.118 63,095 | 79.432 100,040 M) 3300
11.220 14,125 | 17,783 22.387 | 28,183 35.481 | 44,688 | 56.233 70.794 | B9.124 | 112,20 § . §4.0 -313.3
12,589 15,849 | 19.952 | 25.11% | 31.622 39.810 | 50,118 | 63.095 79.432 | 100.00 | 125.89 - 88.0 -336.2
14,128 17.783 | 22,387 | 28.183 | 195 481 24,668 | 56933 | 70.794 89.124 | 112.20 | 14125 . 970 - 338.8
15.849 19.952 | 25,819 | 31622 | 29.810 | S0.Ti8 | 43095 | 79.412 100,00 | 125,89 | 158.49 - 96.0 T3
17,783 22.387 | 28.183 | 35.481 | 44.648 $6.233 | 70794 | 89,124 11220 | ¥41.25 | 177.83 -108.¢ -343.2
19.952 25119 | 31622 39,810 | 50.118 63.095 | 79.432 100.00 125.89 | 158.49 | 199.52 1048 -345.0
22.387 | 28183 | 35481 | d4.668 | 56233 1 70.794 | 89324 | 19290 1 4125 ) 17783 | 293.87 -108.0 | 3466
75115 31,620 1 39.810 | S0.118 | 63.005 | F9.432 1 16.00 | 125.50 158.49 | 99.52 | 25119 -112.0 -348.7
28.183 35,481 | 44.668 | 56.233 | 70,794 | 89124 | m2.20 | 14125 177.83 | 223.87 | 281.83 «116.0 -349.4
31.622 39.810 | 50118 | 63.095 | 79.432 100.00 | 125.8¢ | 158.49 199.52 | 251.19 | 316.22 -120.0 -350.5
35,481 44,668 | 56233 | 70,794 | 89 124 112,20 | sa1r25 | 177,83 22387 | 281,83 | 35481 -124.0 -351.6
39,810 50,118 | 63.095 | 79.432 | 100.00 T8 158,49 199.52 251,19 | 316.22 | 393,16 S125.0 3523
44,668 56,233 | 70,794 | 8%.124 | 112.20 141.25 | 177.83 | 223.87 281,83 | 254.81 | 444,68 1320 -353.3
50.118 63.095 | 79.432 | 100.00 125,89 | 158.49 | 199.52 | 251.19 314,22 | 398,10 | 50118 -136.0 +354.0
£4.233 76794 | g9.124 1 112.2C i141.95 ' 177.83 : g92387 | 28183 assp) | 44668 | 552,33 -140,0 -354.7
63,093 79.432° | 100.00 | 125.89 [ 158,49 199.50° 1 251,19 | 316.22 493,80 | S0L18 | 630.99 S144.0 | -353.3
710,794 89.124 | 112,20 § W4L25 L7783 | 223.87 281,83 | 354.8] 446,48 | 562,33 | 707.94 SMB.O | -3558
79,432 100.00 $35.89 158.4% 1 19%.52 25119 316,22 398,19 501,18 | 630.95 | 794,32 L1520 -356.2
86,124 11220 141,25 | 177.83 [ 223,87 | 281.83 | 334,81 446.68 | 562.33 | 707.94 | 891.24 -156.0 | -356.6
100,00 12589 ] 15849 1 199.52 | 5119 | 31622 |39e10 | 50148 | 63995 | 794.32 | 10080 S%0.0 1 -357.0
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BAND-PASS FILTER C H A R T v
F
1/10 DECADE SEPARATION —_— Fﬁ = 1,258% e 13 DCTAYE SEPARATION
BAND-PASS FILTERS FORMED BY CASCADING 4 POLE BUTTERWORTH HIGH~PASS & LOW-PASS FILTERS

11220 14125 17783 2.2387 2.8183 3.5481 44668 5.6233 7.0754 8.9124 11220 | CENTER FREQ., Fgy

1,2589 1.5849 1.9952 2.511% 3.1622 3.9810 50118 6.3095 7.9432 10.000 12589 | L.P.SETTING, FLp

1.0000 1,258% 1,5049 1.9952 25119 31622 3.9810 50118 | 63085 7.0432 1 10.000 | H.P. SETTING, Fup
AMPLITUDE PRASE

FREQUENCY Hz REsPOMSE | RESPONSE

48 DEGREES
L0100 0126 0158 0208 0258 0316 (398 .0501 0631 0794 L1000 | -160.0 3573
0112 041 0178 0224 0282 0355 0447 0562 0708 0891 1122 | ~1560 357.8
0126 0158 .0200 L6251 0316 L0398 .0501 L0631 L7994 . 1800 b2k -152.0 356.6
0141 0178 0224 G287 .0355 0447 .0562 (0708 0891 122 1413 1 -148.0 356.2
.0158 520 L0251 L0316 0398 0501 IRl 0794 .1000 L1259 1585 | -144.0 355.7
0178 6224 0282 0355 0447 0562 0708 Rit-H 122 L1413 778 | -140.0 3852
0200 .025% 0316 L0398 0504 L0631 0794 1000 1259 L1585 985 | 1360 354,6
0224 L0282 0355 D447 0562 G708 2891 RibY] 1433 1778 2236 | -132.8 334,0
0751 0318 0358 L0507 0631 G794 .1030 L1259 L1583 L1995 2512 | -128.0 3.3
0282 L0355 0447 0562 0708 0891 L1122 1413 1778 2239 2818 | -124.0 352.4
0316 0398 L0501 L0431 0794 L1000 L1259 .1585 .1995 2512 3162 | .120.8 3515
L0355 0447 0562 0788 0891 .i122 1413 1778 2239 2818 3548 ¢ .118.0 350.5
~0398 L) L0831 L0754 1000 1259 BEEE L1995 3512 L2162 3981 1 1120 3493
06447 0542 0708 .6891 .N22 L1413 1778 .2239 2818 .3548 L4467 § -108.0 RO
0501 0631 0794 1060 1259 .1585 L1995 ,2512 L3182 .3981 5812 | -184.0 386.5
0562 0708 0891 1122 1413 1778 2238 818 .3548 4467 5623 | -180.0 344.9
L(631 0734 1600 1259 1385 1995 12512 L3162 .3981 L5012 &30 [ - 96.00 343.8
8708 L0891 L1122 L1413 1778 .2239 2818 .3548 4467 .5623 7079 | - e200 | 3din
0794 .1000 1259 .1585 1995 2512 .3162 .3981 5612 6310 7943 | - 8800 | 2386
.089 1 L1122 1413 L1778 L2239 L2818 ,3548 4467 .5623 7079 L8912 | - 84,00 1 2360
TYo00 TI5% _T3E% 1595 FVEH 3162 "3581 .5012 L6310 7943 | 1.0060 | - 280.00 T33.1
122 REAK] 1778 .2239 L2818 ,3548 4467 .5623 079 8912 11220 | - 7600 | 198
1259 1585 1995 2512 \3162 .4983 .5082 6310 7943 | 1.0000 | 12589 | - 72.00 3261
1413 1778 2939 2818 .3548 (4467 5623 7079 8912 | 10220 | y.4125 0 - 6800 | 3220
1585 1995 2512 3762 3981 5012 L6310 L7943 T.0060 | 1.2589 | 1.5849 | - 64,00 | 317.3
L1778 .2239 .2818 .3548 (4467 .5623 7079 8912 11220 | 14325 | 17783 | - 60,00 | 2126
1995 .2512 L5162 .3981 5012 L6310 7943 | 1.0000 1.2589 | 1.3849 | 1.9952 | - 56.00 | 3061
.2239 .2818 .3548 4447 ¢ 5623 1078 g912 1 11230 14125 5 V7783 | 2238y | - £2.00 | 299.%
2512 Nk 3581 507 L6318 L7943 1 l.ogoc | 1.2589 T.5B4% { 1.9954 | 2.5119 | - 48.00 2920
2818 3548 4467 L5633 7079 8912 11220 1.4125 1.7783 2.2387 2.8183 . 44.00 8.6
3162 .3981 L5012 A0 .7943 1.0000 | 1.2589 | 1.5849 1.9952 | 2.511% | 3.1622 | - 40.00 74,0
3548 4467 5623 TG 3912 1.1220 14125 L7783 22387 | 2.8183 3 5481 - 36.00 2632
“3981 517 L6310 L7943 | 1.0000 1.2589 | 1.584% | 19952 2.5116 | 3.1624 ] 2.9810 1 - 32.00 250.9
4467 5623 7079 8912 | 1.1220 14125 | 17783 & 2.2387 28183 | 3.54B1 | 4.468 | - 8.0 736.9
LEB12 6310 ,7943 1.0000 | 1.2589 1.5849 | j.9930 1 25119 3.1622 | 3.983¢ | 50118 1 . 2402 | 2203
5693 ik L8912 11220 | 1.4125 17783 | 29387 | 2.8183 3.548% 1 4.4668 | 56937 © . 20.051 2027
6310 7944 1 1.0000 1.2589 | 1.584% T.9950 | 25110 | 3.1622 3.981C | 5.0118 | 6.3095 | - 16.13 T804
7079 8912 | 11220 1.4125 | 1.7783 2.2387 | 2.8183 | 3.5481 44668 1 56233 | 7.0794 { . 12.30 154.7
7943 1.0060 | 1.2589 1.5849 | 1.9952 25119 | 31622 | 3.9810 5.0118 | 6.3095 | 7.9422 - 875 1239
L8912 11220 | 1.4128 1.7783 | 2.2387 2.8183 | 3.5481 | 4.4668 56233 | 7.0794 | 89124 | . 3579 87.4
7.0000 1.2565 | 1.584% 7.9952 | 2.5119 31622 | 53,9810 | S.0118 53005 | 7.9432 ] 10,000 - 365 15.4
1,1220 1.4125 | 17783 | 2.2387 | 2.8183 3.5481 | 4.4668 | 5.6233 7.6794 | 8.9124 | 1.220 - 292 W00
1.2589 15849 | 1.9952 | 2,5119 | 31622 1.9810 | 5.0118 | 6.3093 7.9432 | 10,000 | 12.589 - 3651 . 454
1.4125 1L.7783 | 2.2387 | 2.8183 | 3.548% 4.4668 | 5233 | 7.0794 89124 | 11.220 | 14.123 - 5721 874
1.5849 1.5952 | 2.511% | 3,1622 | 3.9810 5G118 | 6,3095 | /.9432 10.000 | 14.589 | 15849 < 8,75 | 1235
L7783 2.2387 | 2.8183 | 3.5481 | 4.4668 5.6233 | 7.0794 | B.9124 11,220 | 14.3125 | 17.783 1280 | a7
1.9952 25119 3 3.1622 | 3,981 | 5.0118 6.3095 | 7.9432 | 10.000 12,589 | 15,849 | 19.952 1613 | .180.4
3.2387 28183 | 3.5481 44868, | 56233 7.0794 | g.9124 o 11,220 14,125 | 17.783 | 22,387 . 20,05 | om0
2.5119 11622 1 3.9810 50118 | 6.3095 7.9432 10.000 12,589 15.84% | 19,952 75,115 . 24.02] -220.8
2,8183 1.5481 | 4.4668 5.6233 | 7.0794 8,9124 | 1L220 1 14,125 17.783 | 22.387 | 28.183 - 28.861} -89
3.1622 2.9810 | 5.0118 5.3095 | 7.9432 10.600 | 12.589  15.849 19.952 | 25.119 | 31.622 - 32,001 -250.9
25481 4688 | 56231 | 70794 | B.9124 11,220 | 14.125 = 17.783 22387 | 23783 : 35481 - 36001 237
3.9810 50118 | 6.3095 7.9432 | 10.600 T2.550 T5.845 1 15.952 25119 | 31.622 | 39.810 - 40,001 9740
4,4668 56233 | 7.0794 | 8.9124 | 11220 14125 | 17.783 | 22.387 28,183 | 25481 | 44.668 S 44001 2834
50118 63695 | 7.9432 10.000 | 12.589 15.84% | 19.952 | 25.1%9 11622 | 39.810 | 50.118 - 48.00 | 920
5.6233 7.0794 | 8.9124 13,220 | 14.123 17.783 | 22.387 | 28.183 35.481 1 44668 1 56,233 - 52,00 .95
€.3055 7.9432 | 16.060 Ty [ 15.845 TOB52 | 26.119 | 31.642 39.810 | 50,118 | 63.095 P00 Y
7.0794 8.9124 | 11220 14,125 | 17,783 22,387 | 28.183 35.481 44.668 | 56,233 70,794 . 6000 .312.0
1.5432 18.000 12,589 15.84% | 19.952 25119 31,622 39.810 30.118 63,095 75.432 - 64,001 3173
5,9124 11,220 ) 14,125 § 17.783 | 22.387 28.183 | 35481 | 44668 56,233 1 70794 & 89124 - 68.001 3200
16,600 12.589 | 15.849 19.950 | 25,119 31,622 | 39.816 | 50.118 63.095 : 79.434 | F00.00 TTR.00 | 3261
11,220 14.125 | 17783 | 22.387 | 28.183 35481 | 44.668 | 56.233 70.794 | 89124 | 112,20 . 76801 3298
12.589 15.849 | 19.952 | 25.119 | 31.622 39.810 | 50.118 | 63.095 79.432 | 100,00 | 125.89 - BOLGO [ L3330
14125 17783 1. 22,387 | 28.183 | 35 481 44668 | 540233 1 0794 86,324 1 112,20 | 141,25 - 84,00) 33eq
15.84% 19852 | 25119 31622 ] 39,810 50.118 | £3.095 79.432 100.00 | 125.8% 158,49 - 88007 .338.6
17.783 22.387 | 28.183 35481 | 44,668 56,233 | 70.794 89,124 112,20 | 14125 177.83 - 92.00F 3010
19,952 25,119 | 31622 | 39.810 | 50,118 | 63095 | 79.432 | 100.00 125.89 | 158.4% | 199.52 - 96007 30
22,387 1 28.183 | 35481 | A4.668 | 56,233 | 70794 | 80 124 § 112,20 | 141,25 ; 177,83 | 223.87 1000 | aaa
25,119 3L622 1 39810 [ 50,118 | £3.095 79.432 1 100.00 | 125.89 138,49 | 199.52 | 251,19 SR04 | 3465
28.183 35.481 | 44,568 | 56,233 | 10.794 89.124 | 112.20 | 141.25 177,83 | 223.87 | 281.83 L1080 | .348.0
31,622 39.810 | 50.118 | 63.095 | 79.432 100.00 | 12589 | 158.4% 199,52 | 251.19 | 316.22 S112.0 | 2493
35.48] 44.668 | 86233 | 70.794 | 89124 112,20 | 14825 | 177.83 223,82 1 281.83 | 3548 1168 [ 3505
35810 30.718 | 63.095 | 79.432 | 100,00 125.89 1 158,49 | 199.52 257,19 | 316.22 | 398.1G 1200 [TU3515
44.668 56.233 | 70.794 | 89,124 [ 112.20 14125 1283 | 22387 431,83 | 354.81 | 446.68 21240 | L3524
50,118 63.095 | 79.432 | 100.00 | 125.89 158.49 | 19932 | 25119 316.2% | 398.310 | 30118 J128.0 | 3533
56,233 70.794 | po yo4 | 412,90 114125 177.83 | psa87 | 281.83 as4py | 446.68 F 562.33 <1226 | L3540
63.095 79.432 100,00 125.89 | 158,49 195,52 251,19 316.22 398,16 | 501.18 €30.95 136,80 S354.6
70.794 89.124 § 112,20 | 14L35 [ 177.83 223.87 | 28183 | 354,83 446,68 | 562.33 | 707.94 -140.0 | -385.2
79.432 100,00 | 125,89 | 158.49 | 199,52 25119 | M2z | 2981 561,18 | 630,95 | 794,32 -144.0 | 3557
89.124 112,20 § 41,25 | 177.83 | 293,87 281.83 | 354.81 446.68 562,33 | 707.94 | 891.24 -148.0 | 3362
100,90 125.89 158,49 | 199.52 § 251,19 31622 139810 | 501.18 530,95 1 794.32 1 1000.0 ~152.0 | 3366
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BAND--PASS FILTER

CHART VI Fu — - ,
2/10 DECADE SEPARATION —_ —F—E 2/3 DCTAVE SEPARATICN
HP
BAND~PASS FILTERS FORMED BY CASCADING 4 POLE BUTTERWORTH HIGH-PASS & LOW-FPASS FILTERS
1.0000 1.258% 1,5849 1.9952 25119 3,1622 3.9819 5.0118 6.2095 7.5432 10.000 | CENTER FREQ., Fg
1.2589 1.5849 1,952 25119 5.1622 3.9816 5.0118 £.3095 71,9432 10,000 12389 [ L.P.SETTING, Fip
7943 1.0000 1.2589 1.5849 1.9952 2.5V19 31622 3.9810 5.0118 6.3095 7.9437 | HPOSETTING, Frp
AMPLITURE PHASE
FREQUENCY, Hz RESPONSE | RESPONSE
d8 DESREES
0K L1268 0158 0260 025 0316 0398 L0581 L0631 0794 Je0e | 1526 356.9
0112 RaFy 0178 L0224 .0282 L0355 0447 0562 0708 L0891 122 | -i480 356.5
0126 0158 L0200 L0251 06316 0398 0503 0631 0754 1000 1259 144.0 356.1
L0141 0178 0224 282 .03ss 0447 0562 0708 0891 122 1413 140.0 355.7
0158 5200 L0251 0318 L0398 L0501 L0631 0794 1800 1239 1585 -136.0 355 %
0178 Rivall 0282 0355 0447 0562 0708 0891 1122 1413 1778 -132.6 54,5
0200 0251 0316 0398 L0501 0631 0794 L1808 1259 1585 1995 -128.0 352.9
0224 0287 0355 447 0562 0708 0891 1127 L1413 .1778 .2239 124.0 353.1
L0251 0318 0398 L05G1 6431 0754 1000 L1259 1585 1995 L2512 1200 3323
0282 .0353 0447 0562 0708 0891 .1122 (1413 1778 .2239 2818 16,0 351.3
0316 .0398 L0501 L0631 0794 L1000 L1259 .1585 1995 .2512 3162 12,0 350.3
0353 .0447 L0562 .0708 0891 122 1413 1778 2239 2818 .3548 108.0 340.}
6398 L "0631 0794 1000 L1259 .1585 1995 L2612 3162 .3981 1040 347.4
0447 0562 0708 0891 .12z L1413 L1778 .2239 L2818 ,3548 L4467 -100.0 346.3
L0501 0631 0794 1080 1259 1585 L1995 L2512 L3162 L3981 5012 - 960 344.6
0562 ,0708 0891 1122 1413 1778 2239 ,2818 3548 4467 3623 - 92.0 342.7
L0631 6794 1606 1259 .1585 1995 2512 L3162 .3981 5012 L6310 - 88.4 3405
.0708 0851 122 L1413 L1778 2239 2818 .3548 4487 .5623 7079 - 84,0 338.2
0794 1600 1259 L1585 1995 L2512 3182 L3981 .5012 6316 7943 - 80.0 3356
0891 L1122 L1413 1778 .2239 .2818 3548 4467 5623 L1079 .8912 - 76.0 332.6
~1000 Ry 1585 1995 2512 TR162 .398} 5012 6310 7943 | 1.6068 T 7.0 35,2
1122 L1413 1778 2239 2818 .3548 L4447 ,5623 7879 8912 | 11220 48,0 3.4
1259 L1583 1995 .2512 3162 .3981 .5012 6310 7943 | 1.0000 | 1.2589 - 4.0 3212
1413 1778 2239 2318 .3548 L4467 5423 1079 8917 | 11220 | 14195 - 40.0 316.4
11585 1995 2512 3162 9B 5012 L4310 7543 1.6000 | 1.2589 | 1.5849 © 56.0 3T
778 2238 2818 3548 L4467 5623 7079 L8912 11226 | 1.4125 | 17783 - 5§2.0 305.0
1995 L2512 3162 L3981 5012 6310 7943 1,000 1.2589 | 1.584% | 1.9952 - 480 298.2
2238 L2518 .3548 4457 5623 7079 8912 | 1.1220 14123 | 17783 | 9247 L 44.0 0.6
L2512 Ldlel .3981 5012 L6310 7943 1.0000 1.258% 1.584% | 1.9952 | 2.5119 - A0 FERE]
.2818 \3548 4467 L5623 7078 8912 | 31,1220 | 1.4125 17783 | 2.2387 1 28183 - 36.0 2721
3162 .3981 L3812 L6310 7943 1.6000 | 12589 | 1.5849 1.9952 | 25119 | 31622 - 3.0 261.0
3548 A48T 5623 7079 L 8912 11220 | 4128 17783 | 29387 | 28182 | 35483 (B0t 2483
.3981 5012 L6310 7943 | 10060 1.2589 | 1,584% | 1.9952 2.5119 | 516272 ] 3.9810 SI8.02 7305
4487 .5623 7079 LB912 1 L1220 1.4125 | 17783 | 2.2387 2.8183  3.5481 | 4.4568 - 20.04 217.0
5012 L6310 7943 1.0600 | 1.2589 1.584% | 1.9952 | 25119 31622 | 3.9810 | 55118 BT R 197.5
5623 70798 8612 1.3920 | 54125 1.7783 | 22337 | 2.8183 1.5481 | 4.4668 | 354933 - 12.28 174.5
6310 7943 | 1.0800 1.2585 | L.0849 T-9082 | 2.5119 | 9.162% 39810 | 5.0118 | 6.3065 . 868 13777
7679 8912 | 11220 1.41258 | 1.7783 2.2287 | 2.8183 | 3.548) 4,4668 | 56233 | 7.0754 . 5,50 115.1
7943 1.0000 | 1,2589 1.584¢ | 1.9952 2.5119 | 3.7422 | 3.9810 5.0118 | 63095 | 7.9432 .32 78.6
L8912 1,1226 | 1.4125 1.7783 1 2.2387 2.8183 | 38481 | 4.4668 56233 | 7.0794 | 89124 S 173 35.6
1.0000 71,2589 | 1.3849 1.6952 1 2.5119 31622 | 3.9810 | 5.0118 G.3055 1 7.9442 1 10,000 T 1,28 6.0
1.1220 1.4125 | 17783 2.2387 § 2.B183 3.5481 | 44868 | 5.6233 7.0794 1 8.9124 11.220 - L7IL L ags
1.2589 1.584% | L9952 | 25119 | 3.1422 39810 | 50118 | £.3098 7.9432 | 10,000 | 12.589 = 3320 gge
14125 | 17783 | 29387 1 oaima | 3.848% | A.4668 | seoa3 | 70794 | B 9124 | 11,700 | 14,128 C 3.50)  isg
T.5849 1.9952 | 2.5119 11622 | 3.9810 5.0118 | 4.309% | /,9432 T0.000 | 12.589 T5.04% TR 1473
1.7783 2.2387 | 2.8183 3.5481 | 4.4668 5.6232 | 7.0794 | 8.9124 11,220 | 14125 17.783 S 12,271 1745
1.9952 25119 | 3.1622 3.9810 | 5.0118 £.3095 | 7,9432 10.000 12,589 | 15.849 19,952 ERTREN TN
2.2387 7.8183 | 13,5481 46668 15,6333 7.0794 2,9124 11.220 14.125 | $7.783 22,387 - 20041 70
2.5119 3.1622 | 2.9810 T0118 ] 6.3095 7.9432 10.060 | 12.589 15,849 | 19.952 PENIE) 74.0 A58
2.8183 35481 | 4.4668 5.6233 1 7.0794 8.9124 1,220 | 14125 17.783 | 22.387 | 28.183 - 28.01] 2483
31622 39810 | 5.0138 6.3095 | 7.9432 10,000 | 12,589 | 15.849 19.952 | 25.119 | 31622 - 320 261.0
35481 44668 1 56933 20794 1 89134 11.220 14.125 17.783 22.387 1 28 183 33.481 - 36,0 7]
3.9410 50118 | 4.3095 7.9437 | 0.000 T2.585 15,849 15,952 25019 | 31,422 38,810 RIELR) -281.9
45,4668 56233 | 7.0794 89124 | 11.220 14,125 17.783 | 22.387 28,183 | 35,481 44.668 - 44.0 -290.6
50118 6.3095 | 7.9432 10.000 | 12,589 15.84% | 19,552 | 25.119 31622 | 29,810 50.118 . 48.0 | 2982
56233} 7.0794 | 89124 1 11.220 | 14,125 17.783 | 22,387 | 28.183 | 35.481 | 44.668 | 56,233 S 520 ) 3050
6.3095 7.9432 | 10.000 TZ.389 | 15.84% TO.SB2 | 23,119 | 31.622 39.810 | 50,118 | 63.095 BT RN I
7.0794 g.9124 | 1.220 14,125 | 37.783 22,387 78.183 35.481 44.668 [ 55.233 75.794 - 60,0 3164
7.9432 16,000 | 12,589 15.849 | 19.952 25,119 | are22 | 39.810 50.118 | 53.095 79.432 - 44061 3012
8.8124,  1L220 | 14125 | 17783 ) 29387 ¢ 28,183 | 3548t | 44868 . 56233 | 70794 | 89 124 68.0 | 3354
10000 TZ.389 | 15.847 15952 1 25.119 31,627 | 39,810 | 50,118 £3.005 | 79,432 706.00 T 728 1 4992
11.220 14125 | 17783 22.387 | 28.183 35.481 | 44,668 | 56.233 70.794 | 89.124 112,20 - 7681 3328
12,589 15.84% | 19.952 25119 | 31622 39.810 [ 50,118 | 63.095 79.432 | 160.00 125.89 - 80,0 | 3358
14,123 17,783 | 722387 28.183 1 25481 44,668 | 56933 | 14994 39,124 | 112,20 141,23 S840 1 332
13.849 19.952 | 25,119 TL622 1 39.810 50,118 [ 63,495 | 79.432 160.06 | 125.89 158,49 - 880 1 340.6
17.783 22.387 | 28.183 35,481 | 44.668 56233 | 70.794 | 8%.124 112,26 | 141,25 | 177.83 -0 | La427
19.952 25119 | 31622 | 39.810 ] 50.118 63.095 | 79.432 100,00 $25.89 | 158.49 199,52 - 950 ] 3446
22.387 28.183 | 35.48) 44.668 1§ 55223 70.794 | 89124 | 112,20 141,25 | 177.83 | 223.87 L1000 | .346.3
25.119 31,622 | 39.810 30,118 | £3.095 79.432 100.00 125.89 158.4% | 199.52 251,19 TI04.0 5478
28.183 35,481 | 44,668 | 56.233 | 10,794 89.124 | 112,20 | 141.25 177.83 | 223.87 | 281.83 08,0 L3401
3622 39,810 | 50,118 | 63.095 ] 79.432 106.80 | 125.89 | 158.49 199.52 | 251.19 | 316.22 SN2.01 3503
35,481 44,668 | 5e233 | 70,794 | g9 124 132.20 1 141,25 | 177.63 223,87 | 281.43 | 354.8] <ile0 | 3513
39.810 50018 1 63.095 ; 79.432 1 100,00 T25.87 | 158.49 199,52 251,19 | N6.22 | 398,10 P LR I
44,568 56,233 1 70,794 ¢ BR24 11220 4025 | 178y | 2u3.87 281.83 | 354.81 446.48 SP4.0 | 3531
50.118 63.095 | 79,432 100.00 | 125.89 168,49 {19952 | 25119 316.22 | 398.10 | 50118 S128.0 | -353.9
55233 20794 | g9 124 | 112.20 141,25 177.83 i pe387 | 281,83 334,81 | 446.68 1 562.33 213205 3548
63,695 79.432 1 106,60 | 125.89 | 158.49 199527 1 251,19 | 31822 398.106 | 501.18 § 630.95 13601 3551
70.794 89,124 | 112.20 | 141.28 {17783 22387 1 281.83 | 354.8) 446,68 | 562.32 1 707.94 400 1 3557
7%.432 160,00 | 125.89 | 158.4% | 199.52 25%19 I 31622 | 39810 501.18 | £30.95 § 794,32 SHA0 F LAz
B9, 124 112,20 | 141,25 | 177.83 | 22387 281.83 | 354.81 446.68 542.33 | 707.94 | §91.74 JMB.O [ 3566
100.00 125.89 1 158,49 | 199.52 | 28119 316,22 | 398,30 | 501.18 530,95 | 794.32 1 1000,0 52,0 | Lasgs
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BAND-PASS FILTER

3/10 DECADE SEPARATICN — ;Li = 1.9952 — TOCTAVE SEPARATION CHA R T Vi
HP
BAND-#ASS FILTERS FORMED BY CASCADING 4 POLE BUTTERWORTH HIGH-PASS & LOW-PASS FILTERS
1.1226 14125 17782 2,2387 2.8183 3.5481 4.4668 5.6233 7.67%4 8.9124 11.220 | CENTER FREQ, Fgy
1.5849 1.9952 25119 31622 3.9810 5.0118 43695 7,9432 10.000 12,589 15849 {L.P.SETTING, Fyp
7943 10000 1.258% 1.5849 19952 2.5119 3.10622 3.9810 50118 6.3095 75432 | H.P.SETTING, Fyp
AMPLITUDE PHASE
FREQUENCY , Hz RESPONSE | RESPONSE
4B DEGREES
0100 0126 L0158 L0260 .0251 0316 0398 L0501 L0431 0794 080 -152,0 387.2
0112 L0141 0178 0224 L2827 .0355 0447 0562 0708 L0891 122 -148.0 356.8
0126 0158 6200 0251 0316 .0398 0501 L0631 0794 1066 259 [ -H40 356.4
L0141 0178 L0224 .0282 0385 (447 0562 0788 0891 2z 1413 -140.0 356.0
L8 0200 0251 0316 0358 L0501 L0631 0794 1000 1259 L1585 -136.0 355.5
078 0224 L0282 03558 0447 0562 0708 0891 .12z 1413 1778 -132.0 335.0
0200 0251 0316 0398 L0501 L6631 0794 1000 L1259 .1585 1995 1280 354,4
0224 0282 355 0447 .0542 0708 089 1322 413 1778 .223% 124,05 353.7
0251 L0318 0398 L0501 L0831 5794 L1000 L1259 1585 1995 .2512 120,86 357%
.0282 .0355 0447 0562 0708 0891 L1122 1413 1778 2239 .2818 -116.0 3520
0316 0398 L0501 0631 0794 L1000 L1259 1585 1995 L2512 L3162 2.0 3511
03535 0447 0562 0708 0891 (1122 1413 1778 .2239 2818 3548 -108.0 350.0
0398 LT 0631 0794 L1860 1259 L1585 L1995 2512 .3162 .3981 -104.0 348.7
L0447 .0562 L0708 0891 L1122 L1413 778 .223% L2818 .3548 4487 -100.0 47,4
L0501 .0431 0794 1060 L1259 L1585 .1995 ,2512 3182 L3981 ,5012 - 95.0 345.8
0562 0708 L0891 1122 1413 1778 2239 2818 3548 4467 5623 - 92.0 344.1
G831 RiyLE! L] 1259 1585 1995 L2532 L3162 .3981 L5012 6310 ] - 88,00 3431
.0708 0891 122 L1413 1778 .2239 2818 .3548 4467 .5623 7679 1 - 8400 340.0
0794 R 1259 .1585 L1995 ,2512 3162 .3981 L5012 6310 7943 | - BO.CO 337.5
.08%1 L1122 L1413 1778 .2239 ,2518 3548 4487 5623 7679 8912 | - 76.00 4.7
TTO00 BVEL] 1585 1995 WVESH] TH162 .3981) L5012 6310 93| 1.0600 | - 7200 T
.22 L1413 1778 .223% L2818 .3548 4467 L5623 For8 8912 | 11220 ] - 68.00 328.2
1259 .1585 1995 2512 L3162 3981 5012 L6310 7943 10000 | 1.2589 | - 6400 3243
1413 1778 2239 2818 L3548 L4467 5423 7079 L8912 | 11220 | 14125 - £0.00 318.9
1585 L1995 2512 3162 3981 L5612 L6310 7943 1.0800 | 1.258% | 1.5849% | - 56,00 350
1778 2239 2818 3548 L4457 \5623 187% L8912 1.31220 | 1.4%25 | 17783 | . 52,00 309.4
L1995 2512 3162 .3981 5012 6310 7943 1.0800 1.2589 1 13849 | 19982 | . 48.00 303.2
2239 2818 .3548 4467 5623 7079 8613 1.1220 14325 1 17783 ! 29387 | . 4400 2641
2512 3162 "3581 5012 6310 7943 | 1.0008 1.2589 1.5849 1 19952 | 25119 | - 40,00 2881
L2818 L3548 4467 .5623 7979 8912 1 11220 1.4125 17783 | 2.2387 | 25183 | - 36.00 251
3162 .2981 5012 6310 7943 1.0000 | 1.2589 1.5849 1.9952 | 23149 | 3,1622 | - 32.00 A%8.5
3548 L4467 5623 7079 8912 11220 1 1.4125 1.7783 2,2387 | 28183 | 32481 | . 2801 257.2
.3981 5612 L6310 L7943 | 1.0000 1.7589 | 1.5849 1.9932 2.5116 | 3,1622 | 2.9810 ¢ - 24.02 2439
4467 .5623 7079 8912 | 1220 1.4125 | 17783 | 2.2387 2,8183 | 3.5481 | 44468 | - 20.84 2085
.5012 6310 7943 1.0000 | 1.258% 1.5849 | 1.9952 | 25119 31622 | 3.9810 | 50118 . - 611 2165
5623 7079 8912 11220 | 3.4125 1,7783 | 29387 | 2.8183 3.5481 | 4.4668 | 54733 © . 127 189.4
&310 7943 | 1.0000 1,2589 | 1.584% T6352 | 2.5119 | 3.1627 39810 | S5.0118 | 6.3095 1 - B.2d 163.3
7079 8912 | 11220 1.4825 | 1.7783 2,2387 | 2.8183 | 3.549) 44668 | 5.4233 | 7.0794 1 . 346 134.9
L7943 1.0000 | 1.2589 1.584% | 1.9952 25119 | 31822 | 39810 50118 | 6.30%5 | 7.9432 1. 3403 101.8
8912 1,1226 | 1.4125 17783 | 2.2387 2.8183 1 35481 4.4658 56233 | 70794 | 8.9124 150 [5%)
1.0000 71,2589 | 1.584% 1.9952 | 25119 3.1622 | 32,9810 | 5.0118 §.305% | 7.94%7 | 10.000 0.75 K3
11220 1,4125 | 1.7783 2.2387 | 2.8183 3.5481 | 4.4668 5.6233 7.07%4 | 8.9124 | 11220 | . 9,54 8.6
12589 1.584% | 1.9952 25119 | 3.1622 3.98%0 | 50118 | 63095 7.9432 1 10,000 | 12589 | . 075 R
L4123 L7783 | 2,0387 2.8183 | 3.5481 4.4668 1 56933 | 7.0794 8.9124 | 11.220 | 14725 | . 158 L6753
15849 1,9652 | 2.5119 3,1422 13,9810 5.0118 | ¢,3095 | 7.9432 T0.000 | 12.586 | 15849 | - 3.03 Ti01.8
17783 2.2387 | 2.8183 3.5481 | 4.4668 5.6233 | 70794 | 8.9124 11,220 | 14925 | 17783 | . 548 1349
1.9952 25419 | 31822 3,9810 1 50118 6.3095 | 7.9432 10,800 12.589 | 15.849 | 19.952 | . 844 1643
2.2387 28183 | 3.5481 4.4668 1 56243 7.0794 1 poias 11,220 14025 1 17783 1 22387 1 129 L1504
25119 3.1622 | 3.9810 5.0118 1§ 6.3095 7.9432 10,006 | 17.589 15,849 | 19.952 | 25119 | .70 20,5
25183 3.5481 | 4.4648 5.6233 | 7.0794 8.9124 220 | 14925 17.783 | 22.387 | 28183 | . 2004 2085
5.1622 3.9810 | 50118 6,3095 ] 7.9432 10.000 12.589 15.849 19.952 1 25,119 | 31622 | . 402 L3439
A48t 4. L5468 2 6733 7 0794 8.9124 11,220 14,125 $7,783 22.387 28.183 35.481 - 2801 -251.2
3.9810 50118 | 6.3095 7.943%2 | 10.000 YR REY 15,849 19,952 25.319 1 31422 39.810 . 32.00 268.9
4.4668 5.6233 7.0794 8.9124 11,228 14,123 17,783 22,387 2B.183 15,481 44,648 - 3600 L2738
50118 6.3095 | 7.9432 1H.000 | 12.589 15,849 | 19,952 | 25019 21,622 | 29.810 | S0.118 | - 40.00 BB 1
5.6233 70794 | 89134 11.220 | 14,125 17,783 22.387 28.183 35.48) | 44668 | 56.233 1 . 4400 296, 1
£.30%5 7.9432 | 10,008 12585 1 15.847 TOYSL | 25.119 ¢ a1.822 39,810 | 50.118 . S 4300 | %2
7,0794 8.9124 | 1:1.228 14,125 | 17.783 22,387 | 28.183 | 35.481 44.668 | 56,233 | 70794 | . 52.00 -309.4
7.9432 10.000 | 12.589 15.849 1 19,952 25099 | 31622 | 29.81C 50,118 | 63.095 | 79.422 | . 5600 3150
8.9124 11,226 | 14.125 17.783 ¢ 22387 | 28.183 | 35481 | 44568 56,233 | 70794 0 89.124 | . 000 | 319
10.000 T2.587 | 15.849 19,952 | 25,119 31628 1 39810 | 50.138 63.0%5 | 79,432 | 100.80 | - 64.00 .324.3
$1,220 14,125 | 17.782 27,387 | 28,183 35.481 | 44.468 | 56.233 70.794 | £9.124 | 11220 | - 48.00 .328,2
12.589 15.849 | 19.552 25119 | 31827 39.810 | 50,118 | 63.095 79.432 | 0.00 | 12589 | . 72.00 a31.7
14,125 12.783 | 22.387 28,183 | o6 8t A4.668 | 56293 | 70.794 89,124 | 112,20 ! 141.35 | . 76.00 L3347
15.849 19.952 | 25.119 31622 | 39.810 50118 | 43,095 79.432 100,00 | 12589 158,49 - 80,06 L3375
17.783 22.387 | 28,183 35,481 1§ 44,668 56,233 | 70,794 89.124 112,20 | 141,25 177.81 - 84.00 3460
19.952 25.11% | 31.622 39.810 | 50018 63,095 | 79.432 160.00 125.89 | 158,49 | 199.52 | . 88.00 3421
22,387 28,183 1 35 481 44.668 1 86 933 70,794 | g5 124 112,20 341,25 I7T83 1 2238y | o 9260 .344.)
25,119 31.622 | 39.810 50.118 1 63,095 79,432 100,00 12589 158.49 | 199.52 | 25119 -96.00 243.8
28.183 35.481 | 44,668 56,233 1 70794 89.124 112,20 141,25 177.83 | 223.87 | 281.83 -100.0 3474
31.622 39.810 | 350,118 63.095 | 79.432 160,00 125.89 158,49 199,52 | 251,19 | 31422 -104.0 3487
35481 A4.868 | 56233 1 70.794 g9 o4 | 11230 | 14125 | v77.83 | 32387 | 281,83 | 35481 -138.0 -350.0
39.810 50.118 | 63.095 79433 1 10000 PLEL] 158.49 199,52 251.19 | 316,22 | 398,10 EEFX -3511
44.668 56,233 § 70.794 | 89.124 ! 112,20 141.25 | 177.83 223.87 281.83 1 354,81 | 446,68 116.0 -352.8
50.118 63.095 | 79.432 100,00 | $25.8% 158.49 | 199,52 | 251.1% 316,22 | 398,10 | 56118 120.0 52,9
56.233 78.794 1 po.l24 112.20 | 14725 177.83 | 29197 281,83 354,81 1 446,68 | 562.33 1240 3537
63.095 79.432 1 300,00 125.89 1 158.49 199.52 [ 251.19 316.22 398,10 | 501,18 | 630.95 128,90 "354.4
70.794 89.124 | 112,20 14125 | 177.83 223.87 | 281.83 354.81 446.68 | 562.33 | 707.94 1320 -385.0
79.432 W00.00 | 12589 | 158.49 | 199,52 | 25L19 | 216.22 398.18 561.18 | 630.95 | 794.32 -136.0 -355.5
89.124 112,20 | 14128 | 177.83 | 223.87 281.83 | 354.8% 446.68 562,33 | 707.%4 | 891.24 1480 .356.6
100.00 125,89 | is8.49 | 199.52 | 251.19 316.22 1398 10 | 50118 £30.95 | 794.32 | 1000.0 1440 .356.4
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CHART VIl

Hib

HORMAL {BUTTERWORTH):
PULSE {BUTTERWORTH):

ASS FILTER

{LOW.FREQUENCY ROLLOFF}

/ BARD-PASS FILTER (NORMAL MODE ONLY) \

-3 48 AND +180° AT THE HIGH.-PASS FREQUERLY SETTING
-3 dB AND »150° AT THE HIGH-PASS FREQUENCY SETTING

LO%-PASS FILTER

PULSE (BESSELY:

DC COUPLED:

[HIGH. FREQUENCY ROLLOFF:

HORMAL (BUTTERWORTHI: ~3 dB and - 1807 AT THE LOW.PASS FREQUENCY SETTING

8.6 4B and 17" AT THE LOW.PARS FREQUENCY SETTING

SEY RIGH-PASS MULTIPLIER TO OUT

WHEN THE LDY.PASS FILTER SETTING, FLp (HIGH FREQUENCY ROLLOFF} DIVIDED BY THE HIGH-PASS FILTER SETTING, Fiup (LOW.FREQUENCY ROLLOFF) 15 LERS THAN £, THE CHART
BELOW MUST BE CONSUL TED FOR BAND-PASS ¥LTER CHARAGTERISTICS. (FOR USERS COMVENIENGE, THE FILTER CHARACTERISTICS HAVE BEEN TABULATED FOR FLp-FHP €10}
DIRECTIONS: UPPER -308 FREQUENCY = LOW.PASS CUTAFF FREQUENCY ~1dB BANDWMDTH = Fpp - Fyp
For ] CENTER FREQUENCY = JFRp-FLp HOISE BANDWIDTH = 1435 iFLp = Fup!
| LOWER .38 FREQUERCY < HIGH.PASS CUTOFF FREQUENCY FILTER GAIN = £.048
1. BIVIDE THE CUTOFF FREQUENCY SETTINGS BY HIGH.PASS MULTIPLIER TO OBTAIN NORMALIZED SETTINGS.
2. GETAIN THE FILTER GAIN AND KORMALIZED FREQUENCIES FROM TABLE USING NORKALIZED SETTINGS.
3. MULTIPLY NORMALIZED FREQUENCIES GETAINED FROM TABLE BY HIGH-PASS MULTIPLIER.
EXAMPLE:
HIGH.PASS CUTOFF FREQUENCY, He = 8.30 X 167 \n i oo ich Pase Multigtier) | NORMALIZED HIGH.PASS SETTING = 6.30
Fp LOW-PASS CUTOFF FREGUENCY, Hx = 100 £ 104 NORMALIZED LOW-2ASS SETYING = 10,0
Fup < 4 NORMALIZED
{Fiom Tablel ACTuaAL
UPPER -3 dB FREQUENCY, He 10.78 Lo X wd
CENTER FREQUENCY, Ha 7937 ) " " 7937 X 103
LOWER -3 ¢B FREQUENCY, Ha 5932 {Multiply by Migh-Pass Multiphier) 5932 X 07
-1 B BANDWIDTH, H: 4768 4.768 % 10°
HOISE BANDWIBTH, Hz 5.33% 5330 X w?
FILTER GAIN, dB v {Gaid not normaticed] o
nﬁomm%kzgn NORMALIZED LOW.PASS SETTING
-PASS
SETTING V.00 ] 1.25 ] 1,60 | 208 ] 2.50] 3.15 [ 400 [ 5.00 [0 [sna | 100 25 | 160 § 20.0 [ 25,0 |35 [40.0 § 500 | 63.0 800 | 100
UPPER 345 FREQ,, He ] 1,245 | 1418 | 1.699 | 2.657 § 2,500 ] 5165 | 4,006 | 5,000 | &390 | 8.000 | 30,00 { 12.50 [ 16.00 § 20.00 | 25.00 [ 31,50 ) 40.00 { 50.00 1 83.00 [20.00 | W6
CENTER FREQ, Hx voog fruia | nags fouased nsst | vare [ 2006 P23 §2.500 | 2828 | 3162 3536 [4.000 | 4472 [ 5000 | 5602 [ 6.325 §7.07 | 7,937 [B.9d4 FIO.G
yop  |HOWER -3dB FREG, We | o.es [o88y | n0s2 | asp2 §0.088 | 0995 {0998 E100p §1.000 | 1060 | 1.000 | 1095 | 10D § 1900 | LODO [ 1608 } R.000 £ T.000 [ 1.0OD fo0e {1900
’ 3B BANGWIDTH, e | 0.ad2 | 0.597 | 5.757 | 1.085 | 1543 | 2.170 | 3.002 } 4,000 §5.300 {7.000 | 9.000 [ 1180 | 35,00 §19.00 §20.00 | 2.50 (20.08 §49.00 | 6200 [F9o.00 [90.00
NGTSE BANDWIDTH, e S| st | Ladm i nisr| vem | 2252|5308 F amoy [ sans fras 020 | 179|538 J 19,48 § 2460 | 3L06 | 39.99 { 5023 [ 63.53 3 8L.00 1105
EILTER GAIN, 48 _¢m2 |-298 |1z f-e53)-0.22 |~069 1~063F 200§ 000 ) 000} 00| 000 ) 000 § 000§ G0 § 000 ) $060 | 060 | 0.00 £ 000 | D.EC
UPPER -3 dB FREQ., Hz 1556 11,773 § 024 | 257t | 3,963 13,956 1 5.060 | 4,300 {8,008 § 10.00 | P2.30 §16.00 § 20.8C { 25.00 | 31.50 [40.00 | 50.00 § 4300 § 80,00 £T00.0
CENTER FREQ., Mt 1,250 1,406} nset | tren | nee4 12206 §2.500 | 2a0s {2362 | 3536 {3953 f4.472 | 5.500 | 5,590 fe.275 |7.071 [ 7.906 ERENS 30,00 Iths
175 ]LOWER 346 FREQ, # vood ot d oy | s | 12as fnads raer | g0 fuase §orase | n2s0 11250 | 1250 § 1,250 | 1,380 (L9850 | L2890 F 0.5 | 0.250 fLast
: -3 dB BANDWIDTH, Hy 0.552 §o.672 1 0.947 | vase | nose 1274 farsa |ses0 jarse | eoso {1023 fia7s [ @75 ] xavs {3028 (5675 [4895 Fen75 (7975 fems
NOISE BANOWIDTH, He 641 1 788 | 1059 1 1454 | 2028 | 2815 | 2877 | 5076 a5 | B.974 | L5 13532 | 19.21 ] 24,35 [ 3103 13972 § 4995 14531 | 8007 1003
FILYER GAIN, 4B 602 |z |-1za )05 | -022 i-0gs p-002 | oo | ane | oond a0 | ooe | ose] e | 000 9001 0804 nay | o0 | e
UPPER -3 4B FREW., Hr 1992 | 2,260 12713 | 3.20% 14.048 | 5.564 | 6.400 | s.009 | 10.00 | 12.50 | 16.60 | 20.00 | 25.00 | 3h.56 {40.00 | 56.06 [ 63.00 | 80.56 [ WAL
CENTER FREQ., Hz 1. 1780 17.000 | 2245 12530 | 2872 A28 { asy8 | 4.006 | 4.472 [5.060 | 5.857 | 6.325 | 7.099 12,080 § 5944 [ 10,84 103 [ 1260
160 LOWER -7 dB FREQ., ¥ BB4 | L4100 1506 | 155 11.581 | 597 F 1.597 | 1.600 | 1600 | 1.600 | 1600 | 1600 | 1600 | 1606 ] 1.600 | 1.609 | 1400 | T.600 | 400
3 4B BAND¥IDTH, Hr 008 bo.sse 112 | n7as faaey | 3472 £ 4803 ] 5906 | maano [ 1290 | 1040 | W40 | 22,40 | 29.90 (38,40 | 4B.40 [ 41.40 | 78.40 {98.40
HOISE BANDWIRTS, Hy B2 b 979 §1.367 | v.gse 2591 | 2607 E4.968 § 6561 L aew [ 1L 13476 | 18.86 § 2399 | 30.65 {3936 [ 49.60 | 67,95 | B0.05 K0S
£ILTER GAIN, 4B ~4.00 §o 298 [-1.23 | ~0,50 g 22 [-0.09 £-0.08 1 0.80 § 0.6 | O ¢o0 | 0.00F 08¢ 000} o.0e | 0o oo | 0.00 1} 40
UPPER - 748 FREQ., He 2.430 | 2.936 | 2,298 |5.113 | 5.066 § 6336 {8.000 | 10.00 16.00 | 20.00 § 25.00 | 3150 [40.00 | 50.00 {43.06 | 80.00 } 000
CENTER FREQG., Hz 2.000 § 2.236 | 2310 |2.826 | 3162 § 0.550 § 4000 | 4472 5.657 | 6,325 1 1.07Y | 7.097 B4 17.65 | 1.4
gpg | LOVER —2dB FREQ. b 1,406 | %762 | 1882 |1.945 | 1976 §1.999 | 1998 | 2.000 2.000 | 2.000 | 2.080 | 2.000  Z.000 2000 | 2.000
- -3 4B BANDWIDTH, Ha 0.ara | 1078 | 1516 {2166 | 2084 F 4340 | 6,004 { 8.000 1400 | 1800 | 23.00 | 1950 | 38.90 78.00 | 98.06
NOISE BANDWIDTH, Hz 1.026 -] 1,228 | La%s |2.325 | 3,240 § 4,500 | 4,209 [ 2,204 14.35 | 18,45 | 23,58 § 30,23 | 3098 715.95 | 160.5
FELTER GAIN, dff 2602 {-2.58 | -1.73 -0.53 {-0.22 §-0.0¢ [-203 600 0.08 | 0.00 | 008 F 060 0.08 s.00 | oo
UPPER —3dB FREC., Hr 3073 | 3545 |4.247 [ 5042 16325 [ 2913 | 10.00 16.00 | 2000 | 25,00 F 3030 [ 4000 .00 | 100.6
CINTER FREQ., Hz 2500 | 2808 {3182 | 2.83¢ | 2949 | 4472 | 5000 6425 | 7.471 | 7,986 § 8.374 | 0.00 12.38 | 5.8
250 | GOWER —3d48 FRED. Mz 2.008 | 2,203 12.35¢ | 2.431 | 2470 | 2487 } 2495 2.500- | £.500 | 2.500 § 2.500 | 2.500 7.500 | 2,500
- —3 dB BANDWIDTH, My TIOS | Lax2 (1693 | 2711 | 3885 | 5476 | 1505 12,50 | 1r.50 | 22,50 29.00 {37.50 77.50 | 97,50
NOISE BANDWIDTH, Hr v.agz | 31 [2.24e | 2967 | 4050 | 5830 | 774 1584 [17.95 | 23.87 | 29072 | g TR43 1 99.38
FiLLTER GAN, dB 5,00 1298 |-1.23 |-0.52 [-0.22 =009 |~5.07 4.0% § 500 .00 | 0.00] 0.60 500 1 0.56
UPPER ~1dB FREQ, Hz 3977 [4.467 | 5352 [ 6478 | n.970 | 9970 6,00 § 20.06 | 25.05 [ 21.30 | 40.00 0 [B2.00 1060
CENTER FREQ., Hr 3150 [3.550 | 2967 | 4.485 | 5.020 | 5.612 7.009 § 7.937 | 8.874 | .94t {1122 | 1258 ] 1409 11587 1m0
345 JLOWER -3d8 FREQ. H: 2573 {2775 1 2,966 | 1.063 | 3.14¢ | 3,146 2,150 § 3150 § 2156 | 5050 {2150 958 [3.130 {3750 faase
. -3 dB BANDWIDTH, iz 1398 {1492 12396 | 3415 | 4.826 | 6,824 12,85 § 16.35 | 2LBS | 2535 §36.95 | 4685 [o.85 7605 [w.es
NGISE B2uDWIDTH, H2 %616 {1,920 1 2.470 | 3,664 | 5.105 | 7.096 130§ 1797 . 2240 | 29.07 {3776 | 4855 J613E (B0 9001
FILTER GAiN, 48 - 682 2,98 {-1.23 |-0.83 |-0.27 §-0.09 g.n¢ | 0001 £.80 1 popt .00 § b.oo | 0.00 § 8.00 ) 0.60
UPPER -3 d FREQ., Mz 4.980 1 5872 | 4756 | 8.226 { 1002 16,80 § 2000 | 25.00 | 3150 [ 4000 § 50.00 | 63.00 §80.60 |40t
CENTER FREQ, He 4000 } 4472 | 5070 | 5.457 | 6328 8.600 ] 8.944 | 10,00 | 1122|3265 | 14,14 [ 15.87 [ 1789 (2000
sap | OWER 38 FREQ. H: 1210526 | 2766 | 5.99C | 2.957 3992 ] £0007) 4.060 | 4008 | 4.000 § 4,000 {4,000 |4.000 |4.000
- 3 dB BANDWIOTH, Hz 1768 §2.148 | 3.000 | 4394 | 6168 | 4. 1201 | 1600 | 2100 | 27.50 | 36,00 § 46.00 § 59.00 | 7800 {9400
NGISE 2BANDWDTH, Ha 2081 12,445 | 3,392 | 4851 | 4,479 | 9005 | 12.42 | 16,41 | 73,53 2819 [ 36,9 | 4715 je0.46 | ¥7.89 (9R.40
FILTER GAIN, 4B -6.82 {298 | 1.3 (0.5 |-022 { 009 -0.00 | a00 | 660§ 0.00) 800 | D.OR} 000 | 0.06 | 0.09
UPPER -1 dB FREQ., Ht 6275 1 7.090 ] 8,495 | 1628 | 1265 16.08 | 2050 § 25.00 | 3150 | 40.00 | 56,00 ] 63.00 | 85.00 | W00
-CENTER FREQ., Hr soo0 58121 6325 | 2ony | Feosieose | 1000 v 1255 | 1404 | 151 | ws [ e | 223
500 | LO¥ER 348 FREQ, ta 4015 14405 F 4708 | 4862 | 4,940 £975 | 4.990 | 5.000 | 5.000 | 5.000 | 5.000 | 5.000 | 5.008 | S.00
-3 4B BANDWIDTH, Hz 2210 F 2885 | a7y | Sa1e | R0 41001 | 150t {2000 | 26.50 | D80G | 45.09 | 56.90 E78.08 {5800
NOISE SANDWIDTH, Hz 2564 10671 4241 s.au | eo0in2e {1551 L oo | 707 | 3589 | ez | se.n ETson | oOw
FILTER GAIN, 98 _502 £-298  -1.23 %053 |.0.271-0.09 0,02 ¢ D00 | 000 000 | D00 F 000 £ 606 | 90
UPPER -3 68 FREQ., He 7343 § 8,033F 070 | 1295 F 15.94 | 19.94 | 25.20 | 31.30] 40.00 | 56.00 fsd.00 140.00 [ 000
CENTER FREQ., Hx 63005 7,09 1 7.997 | 8874 5 10,04 § .27 ] 1255 | 1409 | 18587 11775 F10.92 §22.45 (2509
630 LOWER -3 68 FREQ, He 50501 55501 5.90 | 6.126 6224 | 6268 | 6.207 | 6300 | 4,300 | 6,300 [4,306 [6.300 | 6,300
- -3 48 BANDWIDTH, He sks | 3833 4768 | 6834 § 006 § 1367 1 18.9Y | 2508 | 33,70 § 4070 5670 {770 | 5070
NOISE BANDWIDTH, Hz 2| aeeed 500 ] 7oz 110020 § 1439 19547 25,82 { 2454 | A4T9 PR V650 | 9608
FILTER Gain, 4B ~802 |-2.08 ] ~123 i ~-0.531-0.22 0.0 §-0.8 | 9067 0603 000§ .00 | 0.00 | .00
UPPER -1 48 FRED-, Hx 9.960 | 1534 13.59 | t6.45 | 20,24 § 2537 | 3260 | 40.00 § 50.00 {4300 |80.00 {1600
CENTER FREQ,, Hx 2.000 [ 8.944 § 10.00 [ 1131 ] 1285 § le.1a [ 1587 1789 { 2. BB
2.0 L OWER -3 dB FREQ., Hr 6424 | 7008 § 7533 | 2979 | 7904 § r9e0 |7.584 k E.000 §8.900
-1 4B BANDWIDTH, Hr 1536 | 4292 | 6.057 [ 8.677 | 124 | 1736 | 24,00 | 3200 { 42.06 { 55.00 [72.00 §92.00
NOISE BANDWIDTH, g 4182 5,300 | 12.96 § 16.01 [24.83 F 3287 [ 43.08 13639 [73.79 {9430
FILTER GAN, 4B ~6.02 |-298§ ~1.20f-0.52 §~0.22 10,00 p-003: 6001 0983 000 | 0.00 1 600
JFPER -3 dB FREG, He T2.45 | 14181 16.99 | 20.57§ 25.30 § 3168 | 40.00 | S0.00 fea.00 {8000 1000
CENTER FREQ,, He 1000 § 11387 1265 | vaa ] 15y D178 {2000 f22.38 foso |mze {38
104 LOWER -1 dB FREG, Mo B.030 | 5810 | %46 | 9.724 | 2.590 §9.950 } 9.980 § 10.00 | 10.00 |10.5¢ |10.40
. w3 dB BANDWIDTH, Hy 4,426 § 5,270 | 7574 £ 10,85 § 1542 | 070 {3002 | 40.00 | 53.30 | 7G.80 9000
NOISE SANDWIDTH, H 512 1 6124 | B.427 E 1063 § 14,20 | 2205 | 21,05 | €102 | $4.34 §71.758 |52
FILTER GAN, dB ~£02 1 -298 f-1.221-053]-022 }-009 F~003 L 2,00 F 000 [ 0,00 9.00
\BAND»«REJECT FILTER 4
1. SET THE MIGH.PASS FILYER CUTGFF ABOVE THE LOW-PASS PILTER CUTOFF.
% SET THE AMPLIEIER GAIN TG D d8.
NOTGH FREQUENCY s JEPFLp UPPER -3 dB EREQUENCY = Fyp
FILTER GAMN = -6dB LOWER -3 4B FREQUENCY = Fip
T
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cutoff desired and by using the low-pass setting switches 83
and S4 to select the high frequency cutoff.

The enclosed ITHACO Application Note IAN-1C1 contains tables
and graphs of the frequency and phase response for band-pass
filters with varying degrees of separation between the high-
pass and low-pass sections. In addition, the table on the top
of the instrument case providesg the necessary information for
determining the upper and lower -3 dB frequencies, the center
frequency, the -3 dB bandwidth, the noise bandwidth, and the
filter gain for the 4210 Series filters when used as band-pass
tilters,

The enclosed Application Note IAN-102 details how a variable
electronic filter can be used to measure noise spectra.

3.4 PULSE MODE OPERATION

3.4.

3.4,

1

2

INTRODUCTION

In order to provide superior transient response for pulse filter-
ing in the time domain, the 4210 Series Filters use a 4 pole
Begsel characteristic in the low-pass section when the Pulse
mode is selected. This characteristic gives a maximally flat
time delay (linear phase response). At the cutoff frequency
selected by 83 and S4, the amplitude response will be -8, 6 dB
and the phase angle will be ~187°., Figures 3 and 4 of IAN-101
show the normalized response for the Bessel low~pass section.

OPERATION AS A BESSEL LOW-PFASS FILTER
To operate in the Pulse mode, set 86 to PULSE, the high—pass

multiplier switch SZ to the QUT position and select the desired
cutoff for the Bessel low~pass section using S3 and S4.

3.5 BAND-REJECT MODE OPERATION

3.5.

1

INTRODUCTION

In the band-reject mode, the high-pass and low-pass sections
are operated in parallel and their outputs are addad. Thus, if
the high~pass section cutoff frequency is set above the low~
pass cutcff {requency, a band of frequencies between the two
settings will be attenuated. In this mode, the low-pass re-
sponse extends down to .004 Hz and the high-pass response
extends up to 3 MHz. The filter gain is -6 dB in this mode. In
the discussion that follows, all notch depths are referred to

0 dB, so it is important to recall that the filter gain in its pass-
band is -6 dR.,



3.5‘2

In this mode, the high-pass frequency cutoff setting will
determine the upper -3 dB frequency of the notch, and the low-
pass cutoff frequency setting will determine the lower -3 dB
frequency of the notch. There is little interaction between the
two sections for any available notch and the -3 dB frequencies
will be equal to the cutoff frequencies selected., The notch
center frequency will be the geometric mean of the cutoff fre-
guencies., That is:

NOTCH CENTER FREQUENCY, Fo =‘/§HP—FLP

UPPER -3 dB FREQUENCY = PHp
LOWER -3 dB FREQUENCY = Fip
-3 dB BANDWIDTH = Fyp- Frp

Both a sharp notch and a wide band variable notech can be

selected in the band-reject mode. The sharp notch provides _
greater than 50 dB attenuation and its -3dB bandwidthis 1,2 xfg, 1™
where { is the notch center frequency. For the wide~-band
notch, the depths and widths are variable, depending on the .
spacing between the high-pass and low-pass cutoff frequencies.ffE

Due to the discreet number of cutoff frequencies that can be
selected, there are a discreet number of notch center fre-
quencies. Within any decade it is possible to select 20

different notch frequencies for the wide-band variable notch.

On a normalized basis, these frequencies are 1.0, 1.12,

1.25, 1.4, 1.6, 1.8, 2.0, 2,25, 2.5, 2.8, 3.15, 3.55,

4.0, 4.5, 5.0, 5.6, 6.3, 7.1, 8.0 and 8.9, TFor the sharp :
notch, 10 different center frequencies within any decade can be
chosen; they are 1,12, 1.4, 1.8, 2.25, 2.8, 3.55, 4.5, 5,6,
7.1 and 8.9.

NORMALIZED FILTER RESPONSE

Figure 3.4 shows the normalized filter response for the variable
width notch centered at 1.0. This family of curves is valid for
any notch centered at the 1/3 octave frequency steps of 1.0,
1.25, 1,6, 2,0, 2.5, 3.15, 4.0, 5.0, 6.3, and 8.0. To make

a notch at one of these frequencies, multiply the settings

shown on Figure 3.4 by the desired center frequency. For con- |
venience, Table 3.1 lists these frequencies and the notch depth
and the -3 dB widths on a normalized basis for all these settings:

For example, assume a notch at 125 Hz is desired. In Table 3.1 |

look under the 1.25 center frequency column and choose the
desired notch depth. Suppose the 57 dB notch is selected.

3~ 4
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MEASURING NOISE SPECTRA WITH VARIABLE ELECTRONIC FILTERS

ABSTRACT

A simple general method of measuring o neise spectrum
with varicble electronic filters is described, and all the
necessary information for measuring @ noise spectrum
with an ITHACO Variable Electronic Filter is provided.
Errors associafed with making ncise megsurements are
discussed in the appendices.

INTRODUCTION

Although randem signals occur in many forms such as
voltage, current, charge, force, velocity, acceleration,
temperature, etc., measuring the spectrum of a random
signal is vsually accomplished by converting the signal
to a signal voltage, and then measuring the spectrum of
the signal voltage. The spectrum of a signal voltage can
be described in terms of the spectral density functions:
power spectral density (mean-square voltage per unit
bandwidth) and emplitude spectral density (RMS voltage
per V Hz).Since the converted signal is o voltage, it is
convenient to deal with the amplitude spectral density
from which the power spectral density can be obtained
by squaring.

A number of noise spectra are shown in figure 1. White
noise (curve a} has a constart spectral density for all
frequencies. Band-limited white noise (curve b) has a
constant spectral density up to some frequency chove
which the spectral density rolls off. 1/f noise {curve ¢}
has a spectral density which increases below some fre-
quency. A typical amplifier noise spectrum (curve d)
might possess 1/f noise ot low frequencies, constant
spectral density at mid frequencies, slightly increasing
speciral density ot higher frequencies, and bend-limiting
of the noise af the highest frequencies.

A measurement of the spectral density of a noise signal
can be obtained at one frequency by converting the noise
signal to a signal voltage; passing the signal voltage
through an ideal band-pass filter with one hertz band-
width; and measuring the filter output with a true RMS
voltmeter as in figure 2. The voltmeter reading is the
amplitude spectral density of the signal voltage at the
filter frequency inasmuch as the meter reading is the
voltage per V'Hz, To obtain the complete spectrum of
the noise, the measurement must be repeated at each
frequency. To obtain the original noise spectrum the
readings can be divided by the converter sensifivity.

-1 -

There are a number of practical limitations associated
with measuring a noise spectrum. The spectral density
must be constant over the filter pass-band so that a one
hertz band-pass filter may be too coarse at the lowest
frequencies and unnecessarily fine at high freguencies.
ideal band-pass filters are not available, and for prac-
tical filters the —3 dB bandwidth and noise bandwidih
may be significently different so the noise bandwidth of
the filter must be determined (appendix 1}. Noise inrtro-
ducedby the measuring instruments may aiter the reading
enough to require correction {see appendix [l}. Noise
signals have larger peak factors than sinusoidal signals
and failure to allow for larger peak foctors will result in
measurement errors (see appendix |11), The stondard de-
viation (RMS error) of @ single measurement of the spec-
tral density of a random signal is dependent on filter
bandwidth and samplingtime so it is likely that measure-
ments of spectral noise at low frequencies will reguire
a compromise between filter bandwidth {frequency resolu-
tion), sampling time {time required to obtain ¢ measure-
ment), and measurement error {see appendix V).

T 1

I

o, WHITE NOISE
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TRANSPUCER SELECTABLE |DEAL
oR . N RKS
BAND.PASS FILTERS o
CONYERTER VOLTMETER
(1 Hz BANDWIDTH)
FIGURE 2 MEASURING A NOISE SPECTRUM



Finally, megsurements made with other than g true RMS
meter, such as a meter measuring the average obsolute
value but calibrated to read the RMS of a sine wave, will
require corrections to obtain the true spectral density.
Even so, these corrections are available for only a few
types of noise signals (see appendix V}.

A METHOD OF MEASURING A NOISE SPECTRUM

A method of measuring the spectral density of o noise
signal is shown in figure 3. The preamplifier raises the
signal level so that it is well above the filter noise. The
bandpass fiiter selects a portion of the spectrum to
measure, and for the measurement to be accurate it is
necessary that the spectral density be constant over the
filter pass-band. The post amp raises the signai to a
level which the RMS meter can measure, and a true RMS
voltmeter is used so that the spectral density measute-
ments obtained can be used without further qualification.

The amplitude spectral density at a frequency f is given
by formula 2 in figure 3:

density can be computed. For example if:

e, = .01 volts A, =10
£, = 1,000 Hz A=
B, = 100 Hz A, = 1,000

Then the amplitude spectral density is given by

01
(1IO(DH{(1,000) V00

£,(1,000 Hz} = =107V/VHz

It is often easier to compute the amplitude spectral
density in terms of decibels referred to 1V/VHz as
given by formula 3 in figure 3.

Amplitude Spectral Density (dB re 1V/ V Hz) =
éo ~ [ AfFAFA, ] =10 log,B,

where the RMS meter reading is given in dB V(dB re 1V)
and amplifier and filter gains are given in dB. For

for example:
1

6o = —40 dBV As= 20 4B
e 10 log,,B,, = 20 A,=0dB
S T .« S—— die
Snlfo) = A v, (W VD - tomn f
o™ M z A, =60 dB
[f the RMS meter reading, amplifier gain, filter gain, and Amplitude spectral density at 1000 Hz =
filter noise bandwidth are known, the amplitude spectral 40 -[80]-20 = —140[dB re 1 V/ V Hzl
NOISE BANDPASS RMS -
SOURCE PREAMP FILTER PGSTAMP VOLTMETER
(o)
& (f) A, .,

iF THE SPECTRAL DENSITY IS CONSTANT OVER THE FILTER PASS—~ BAND:

Ve, = AAAE(E) VB,

AMPLITUDE SPECTRAL DENSITY AT f, £, (f,) in V/V Hz

2 ¢ (= —_—
e AAA VB

3 AMPLITUDE SPECTRAL DENSITY, dB re 1V/ VHz at f,

= 20 logyp &,(f,)

=20 iogw e, — 20 logmA;AzAa - 10 legygBy,
| t

= eo'—[A: + A+ A, =10 Iogwﬁn

FIGURE 3

WHERE A, = PREAMP GAIN
A, = FILTER GAIN
A, = POSTAMP GAIN
B,= FILTER NOISE BANDWIDTH
e,= RMSVOLTMETER READING
£y = AMPLITUDE SPECTRAL DENSITY
AT £ IN Y/ ViHz
WHERE ) = RMS READING INdBV
A= PREAMP GAIN IN dB
Al = FILTER GAIN IN dB
A, = POSTAMP GAIN IN dB
£ = FILTER CENTER FREQUENCY

A METHOD OF MEASURING AMPLITUDE SPECTRAL DENSITY

-2



Chart | is a simple form for recerding dota and computing
the amplitude spectral density. Column 1 is the frequency
of the measurement (center frequency of the filter). Col-
umas 2 and 3 are the high-pass cend low-pass filter set-
“tings if a variable electronic filter is used. Column 4 is
the filter gain (insertion loss) in decibels. Column 5 is
10 logioB, where B is the noise bandwidth., Columns 6

and 7 are the preamp and postamp gain in decibels. Col-
umn 8 is the RMS meter reading in dB V {decibels referr-
ed to 1 Volt). Column 9 is the amplitude spectral density
in dB re 1V/ V' Hz. Column 10 is the amplitude spectral
density in Volts/ V Hz. For example:

®Cenfer frequency, Hz = 1,000
@High-pcss sefting, Hz = 800

@) Low-pass setting, Hz = 1,250

(@ Filter gain, dB = ~1.28

()10 log, B, = 28.32

(&) Preamp gain, dB = 40.00

@ Postamp gain, dB = 40.00
@+ +©+D = 107.04

RMS meter reading, dB V = ~33.0

@ Amplitude Spectrai Density

at 1000 Hz(dB)re IWAVHZ) = ®- [@+E+E@HD]

= ~140
: Amplitude Spectral Density
at 1,000 Hz(Volt/ V) = Anti log,, (©)
=107

MEASURING A NOISE SPECTRUM WiTH A
VARIABLE ELECTRONIC FILTER

A variabie electronic filter, as defined in this note, con-
sists of cascaded high-pass and low-pass filters with in-
dependent control of the cut-off frequencies. The cut-off
frequency is determined by a frequency setting switch (or
dial) and & frequency multiplier switch, if the frequency
setting switches are not changed, chenging the multiplier
switches by a factor of ten will change the cut-off fre-
quencies, center frequency, bandwidth, and noise band-
width by a factor of ten. It is convenient therefore, to

tabulate the filter characteristics for various filter set-
tings with the high-pass multiplier set to unity and con-
sider the effects of the high-pass multiplier separately.

Chart 1} lists the ~3 dB frequencies, center frequency,
bandwidth, noise bandwidth, and filter gain for ITHACO
Variable Electronic Filters with the high-pass multiplier
set to unity and the fow-pass setting less than a decade
above the high-pass setting.

For filter separation greater than ten:

PLP ., Noise bandwidih, Hz =1.023 (FLP - FHP)
Fup = Filter Gain, dB = 0.00

-3

For high-pass multiplier seftings other than unity qll
frequencies in Chart |l are multiplied by the high-pass
multiplier.

Chart {ll provides ¢ means of obtaining 10 lag,, B, for
ITHACD Variable Electronic Filters with 0, 1/3, 2/3
and 1 octave separation of the high-pass and low-pass

filters, Again the tables show 10 EogmB;, where B is
the noise bandwidth for that setting with the high-pass

multiplier set to unity:

Noise Bandwidth, B = (én) (H.P. Multiplier) so that,

10 iogic(Bn) = 10 log,, [Bn {H.P. Muif}]
=10 logyeB,, + 10 fog,o(H.P. Mult)

For example:

High-Pass cut-off frequency, Fyp = 1.00 x 10°Hz
Low-Pass cut-off frequency, F| p = 2.00 x 10°Hz

FLP 2.00 x 10°
FHP 1.00 x 103

= 2.00

Separation {1 ectave)

@ {Column 4 in table for 1 octave separation)
10 log,B, = .66
(8) (Column 6 in table for H.P. Multiplier)
10 logyo(H.P. Mult) = 10 log,, 10°

10 ioQ;an = @ + @

Similarly:

I

30.00

= 30.66

High-Pass cut-off frequency, Fiyp = 2.00 x 10°Hz
Low-Pass cut-off frequency, Fi p = 2.50 x 10°Hz

FLP  2.50 x 10°

Separation =

Fup  2.00 x 102

= 1.25 {1/3 octave)

(@ (Column 4 in table for 1/3 octave separation)
10 fog,.B,, = .88

@ (Column 6 in table for H.P. Multiplier)
10 logys (H.P. Mult) = 10 log,(10%)

10 fog:oB, =@+ ®

The procedure for measuring a noise spectrum with a
varicble electronic filter is identical to that described
above if the neoise bandwidth and filter gain are known.
The ncise bandwidth andfilter gain for |THACO Variable
Electronic Filters can be obtained from Chart | or Chart
i, The measurements can then be recorded, and the
amplitude spectral density computed on Chart |.

= 26.00
= 20.88

A special case worthy of discussion is the measurement
of speciral noise in one octave frequency steps. Such



MEASUREMENTS OF

CHART |
AMPLITUDE SPECTRAL DENSITY

‘DATE

MEASUREMEKRT BY

® @ Q@ ©) @ ® Q @ » @sx | @ens
CENTER |HicH-Pass | Low-pass | FILTER PREAMP |POSTAMP | RMS AMPLITUDEJAMPLITUDE
AL| SPECTRAL
s GAIN |10 log,,B VOLTAGE | SPECTR
FREQUENCY SETTING | SETTING 108 GAIN GAIN DENSITY | DENSITY
Hz Hz Hz dB 4B dB dBvV 4B ** v/VH:

*

* %

RMS YOLTAGE, dBV (dB REFERRED TO 1 VOLT)

AMPLITUDE SPECTRAL DENSITY, dB re 1V/ VHz [@+O+®+D]
***  AMPLITUDE SPECTRAL DENSITY, V/ VHz = ANTILOG (®
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iGH-PasS FILTER (LOW FREQUENCY ROLLOEF) LOW.PASS FILTER (HIGH-FREQUENCY ROLLOFF}

RORMAL (BUTTERWORTHY —3 dB AND 160 AT THE HIGH-PASS FREQUENCY SETTING NORMAL {BUTTERWORTH}): —3 63 pnd — 140~ AT THE LOW.PASS FREQUENCY SETTING
FULSE (RUTTERWOATHE -3 dB AND +180° AT THE HIGH.PASS FREQUENCY SETTING PULSE (BESSEEY ~8.6 dB oad ~187° AT THE LOW-PASS FREQUENCY SETTING
DC COUPLED: SET HIGH-PASE MUL TIPLIER TO OUT

/ BAND-PASS FILTER [NORMAL MODE ONLY! \

WHEN THE 1LOW-PASS FILTER SETTING, Fip (HIGH FREQUENCY ROLLOFFI DIVIDED BY THE MGH.PASS FILTER SETTING, Frp (LOW.FREQUENCY ROLLOFF) 15 LESS THAN 4, THE CHART
BELDW IKUST BE CONSULTED FOR BAND-PASS FILTER CHARACTERISTICS. {FOR USERS CONVEMENCE, THE FILTER CHARACTERISYICS HAVE SEEN TASULATED FOR FLp Fup %10

DIRECTIONS: Fup BPPER -3 dB FREQUENCY B LOW.PASS CUTOFF FREQUENCY ~1 4B BANDWIDTH = Fip - Fyp
oo > o4 CENTER FREQUENCY = [Far FLp NOISE BANDWIDTH = 1.025{FLp - Fupl
HP
LOWER -1 46 FREQUENCY ¢ HIGH-PASS CUTOFF FREQUENCY EILTER GAN T opoe
1. DEVIDE THE CUTOFF FREGUENCY SETTINGS BY HIGH-PAIS MULTIPLIER TO OBTAIN NORMALIZED SETTINGS.
2. QBTAM THE FILTER GalN 4HD NORMALITED FREQUENCIES FROM TABLE USING HORMALIZED SETTINGS,
1 WULTIPLY NORMALIZED FRECUENCIES OBTAIMED FROM TABLE Y HIGH-PASS MULTIFLIER.
EXAMPLE:
- HIGH-PASS CUTOFF FREQUENCY, Hr = 630 % 108 (Zrivide by High-Poss Molwiplier} NORMALIZED HIGH PasS SETTING = 4,30
LE < LOW.PASS CUTOFF FREQUENCY, Ha = 100 ¥ 10¢ NOSMALIZED LOW-PASS SETTING = 16.0
Fap > HORMALIZED
(From Toblel ACTUAL
UPPER -3 48 FREQUENCY, Hi i0.70 o7 ¥ 19t
CENTER FREQUENCY, He 793 it 7937 K 16°
LOWER -3 48 FREGUENEY, He 5952 (Multisly by High-Pass Multiplier} 5932 % 167
-3 d BANDWIDTH, Hz 4.768 4,768 % 162
HOISE BANDWIDTH, He 5339 5339 £ 167
FILTER GAIN, dB ~LI3 {Gain net narmelived) -]
MORMALIZED HORMALIZED LOW.PALS SETTING
HIGH. PAGE
SETTING 1an | 1.75 385 £ 40p | 5.00 406 § 190 | 125 | 180 89.0 | lao
LPPER -3 1245 | La38 3065 o000 | 5000 |2 E0UG { 18.00 | 12.5¢ | 16.60 80.00 | 0.0
CENTER FRED, 1688 | 1115 Vave 1006 | o | 2528 | 3162 | 1536 | 4060 G54 110.80
jog  [MOMER <0B FREG. i | 053 | 0.991 2.955 10,598 | 1600 [ 1. 1005 | 1.4508 | 1000 | Looe
: -3 4B BANDWELTH, Hz 2 2970 13.062 {40066 | £.000 | 7.000 | 9.000 1500
HOISE BANDWIDTH, Hr £33 ] a2 2282 4 ERIVE EAT'S RS
FILTER GAIN - 402 {-2.98 ; 0
LEFER -2 a8 L Hz 1,556 .50
CENTER FRE Pt 133
1.25 -1d5 FREG. He 1004 1,355
. BANDWILT: £.552
JSE BANDWIDT S, Hr 641
FILTER GAIN, 4B -6.07
1.58
FILTER CalN, -6.02
UPFER - 46,00
4,544
LotE
0 3500
2.50 498
7508
7.754
-0.G2
.57
561
314
313 BANDWIDTH, = 4.82
BANDWIDTH, & i
4.80
R
i
&.205 | TR BaR5
5817 6,228
5.08 i 476k
xrE7
EX 2241
- -3
7343 | 8,933
6306 | o9y
5089 ]
430 beroll B
LiE4 5
5232 58
—502 | -298
GPPER -2 68 TR 766
CENTER FREQ., 3.000
900 LOWZR -3 43 FREC., Hx 6.42¢
.53
4302
-6.67
W LOWER 3 4B FREQ, Hy
~1 8 BANDWIOTH, Hx
iSE BANDWIDTH, My
#ILTER GAIN, dB
Ny BANB-REJECT FILTER g7
1. SE? THE HiGH-PASS FILTER CUTOFF ABGVE THE LOV.PASS FILTER CUTOFF,
2 SET THE AMPLIFIER GAIN TO & ¢B.
ROTCH FREQUENGY = Faetis UPPER -3 4B FREQUENCY = Fyp
FILTER GAIN = -64B LOWER -3 48 FREGUENCY = #1p
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CHART IV
AMPLITUDE SPECTRAL DENSITY (N OCTAVE STEPS WITH ITHACO VARIABLE ELECTRONIC FILTERS

MEASUREMENT OF

DATE

MEASUREMENT BY

o @ @ () 6] ® @ ® « ® s (s
CENTER |MIGH-PASS | LOW-PASS | FILTER PREAMP | POSTAMP BMS AMPLITUDE[AMPLITUDE
FREQUENCY SETTING | SETTING | GAN |10 log,B, GAIN GAIN | vOLTAGE Sg;f;.?.i" Sgggjﬁ‘;‘-

Hz Hz Hz 4B 4B 4B dBY dB ** v/VHz

1.0 1.00 1.00 -6.0 -2.9

2.0 2.00 2.00 -6.0 +.1

4.0 4.00 4.00 ~-6.0 +3.1

8.0 8.00 8.00 ~6.0 t6.1

16.0 16.0 16.0 ~6.0 9.1

3.5 35 315 -5.0 +12.1

63.0 63.0 63.0 -5.0 +15.1 \

125 125 125 -6.0 +18.13

250 250 250 -5.0 +21.1

500 500 500 ~6.0 +24.1

1,000 1,000 1,000 -6.6 +27.1
2,600 2,000 2,000 -6.0 +30.1
4,000 4,000 4,000 -6.0 +33.1
8,000 8,000 | 8,000 -6.0 +36.1
16,000 16,000 16,000 -6.0 +39.1
31,500 31,500 31,500 -6.0 +42,1
63,000 63,000 63,000 -6.0 +45.1

*

*%k

*kk

RMS VOLTAGE, dBY (dB REFERRED TO 1 VOLT)
AMPLITUDE SPECTRAL DENSITY, dB re IV/Viz =)~ [ @+ B+ @+ D ]
AMPLITUDE SPECTRAL DENSITY, V, V'Hz = ANTILOG (9




spectral noise measurements will provide agequuic oo
lution for practically all noise spectra. The suggested
method is the simplest, most direct way of setting a vari-
able electronic filter, since the high-pass frequency set-
ting, low-pass frequency sefting, and center frequency
are identical, and the filter gain is ~6.0 dB, Chart 1V is
a simple formfor recording the measurements and comput-
ing the amplitude spectral density. Chart |V is identical
to Chart | except that the filter settings, noise band-
width, and filter gain are tabulated for the internationally
preferred octave frequencies used in |[THACO Variable
Electronic Filters.

APPENDIX |

NOISE BANDWIDTH

An ideal band-pass filter is defined as a filter with no
attenuation in the puss-band and infinite attenuation out-
side the pass-band. The noise bandwidth of a filter is
defined as the bandwidth of an ideal filter which has the
same value of abselute transmittance in its pass-band
as the maximum absolute transmittance of the filter and
delivers the same mean square output voltage from a
white noise source as the filter, This definition can be
stated mothematically:

MEAN PRACTICAL
IPEAL FILTER SQUARE QUTPUT FILTER

o [}
:fﬁf}YGH%f
(o)
ﬂ%?ﬁYﬁM%f
Solving for B, :

Noise Bandwidth, B, = _..l.]’i:{c(f)izdf
Yiof,

[+

EvE,

where B, = (f, — f,) = filter noise bandwidth

&, = amplitude spectral density of the white
noise source ¥/ V Hz

Y{f) = fiiter transmiftance function

Yo = Maximum absolute vaive of Y(f}
it {ollows that if the amplitude speciral density is con-
stant across the filter pass-band, the amplitude spectral
density at the filter frequency is given by:

e
fn(fo), V/VHz = W&g—“

o n

The ratio of noise bandwidth to =3 dB bandwidth is 1.57,
L11, 105, 1025, 1.02, 1.01, ——— 1.00 for a 1,2,3,4,5,6,

—m o pole low-pass Butterworth filter. The noise band-
widths of cascaded 4 pole Butterworth high-pass and low-
pass filters are tabulated in Chart {l.

APPENDIX H

ADDITION AND SUBTRACTION
OF NOISE LEVEL IN DECIBELS

ADDITION

If two non coherent noise signals are combined, the re-
sulting noise leve!l in dB can be calculated from the dB
values of the separate noise signals as follows:

1. Calculate the difference {in dB) between the twe
noise signals L,~L,.

2, Find AL in the graph below.
3. Add AL to the h%gﬁesf of the two signals. The re-

sult is the noise [evel in dB of the combined sig-
nals.

EXAMPLE:
Two non coherent neise signals, —80 dB V and -85 4B V

are to be combined.

(~80 dBV) — (-85 dBVY)
5dB

1. L.-L,

2. From the graph below, AL = 1,2 dB

3. Combined signal level = (80 dBY) + 1,2 dB
= ~78.8 dBV

AL, dB
1
AL, dB

wr

L Ty
by
=

1 bbbt 1)

"
i
%

SRR R p T } L
6 7 8 % 10 P T T W L
{Ly -Ly)dB



SUBTRACTION

Measurements made in the presence of instrument noise
can be corrected by decibel subtraction. If the signal to
noise rafio is greater than 20 dB the effect of the inter-
ferring noise can be ignored. Specifically when the spec-
tral noise fo be measured is not 20 dB larger than the
preamplifier input noise, corrections must be made to ob-
tain the true spectral noise level,

1. Caleuvlate the difference (in dB} between the signal
plus noise, L 4 and noise level, Ly

{LS'WLN—LN).
2. Find AL in the graph below.

3. Subtract AL from the signal plus neise {lgen—ALY
The result is the signal level in dB.

EXAMPLE:

Given:  Lg¢.\ = -85 dBV

LN = 90 dBV
1. Loy — Ly =(~85 dBV) — (-90 4BV)
= 5dR
Z. AL =17dB
3o Ly=Llgsy - AL
= -85 ~1.7
= _B867dB YV
H . I 1:] H | RN ! T
TTHRES RACTION
7 =7
6 ‘ 16
50 ‘ s
t i
T a4 : Ha
- 0 2
3 - 23
o 2
15 --ﬁ-_"‘ - -1
T
4] 7] 4 r‘ - ﬁl I 30 1;

5 & 7
{Lg +N~Ln) dB

APPENDIX HI

QUALIFIED PEAK FACTORS AND CLIPPING ERRORS

Gaussian noise has a probability greater than zero of
exceeding any finite magnitude, no matter how iarge
with the probability falling off rapidly for large values
In practical experiments, however, large values ar
limited by non-linearities in either the noise source or
the measuting instruments, so it is important to know
how a measurement would be affected by limiting the
noise peaks,

A fixed peak factor {ratic of PEAK 1o RMS) cannet be
assigned to a Gaussiar noise, since, if sufficient time
is allowed and the measuring system doesn't limit the
measurement, any value can be expected. A qualified
peak factor can be assigned for a specified probability
that the corresponding peak will be exceeded. A table of
qualified peak factors is given below for Gaussian and
Rayleigh noise. Rayleigh noise occurs when Gaussian
noise is passed through o filter with narrow bandwidth
compared with the filter center frequency. The resultant
noise possesses ¢ low-frequency envelope which has «
Rayleigh distribution {for more information, reader is
referred to Electrical Noise, W.R. Bennett, McGraw-Hill).

PEAK
QUALIFIED PEAK FACTOR = =
RMS
GAUSSIAN NOISE | RAYLEIGH NOISE
PERCENT
OF THME
PEAK Is PEAK  |fPEAK PEAK | fPEAK
EXCEEDED | Rus  [\RS J*®| TRws [\ rws /B
10 1.65 4.3 1.52 2.6
1 | 258 8.2 2.15 86
N 3.29 10.4 2.56 8.4
01 3.89 1.8 3.03 9.6
001 4.42 12.9 3.39 10.6
0001 4.89 12.8 3.68 1.3

Errors associated with limiting in the measuring instry.
ments will vary according to whether the limiting is
“hard’’or “"soft’ as well as the distribution of the noise
being measured. !t is not usually practical to attempt to
correct for limiting error, but a bench mark can be provid-
ed by tabulating the errors associated with measuring the
mean-square, RMS, and average absolute valve of a
Gaussian noise process with various clisping levels,



PERCENT ERROR
CLIPPING AAB\;'?}T_?J(;EE RMS MEAN-SQUARE

LEVEL VALUE VALUE VALUE
1.9 2.3 5.1 9.9
2.1 1.6 3.2 6.3
23 92 1.9 3.8
2.5 .50 L 2.2
27 27 63 1.3
29 4 .35 .69
3.1 .07 8 36
3.3 .03 09 I8
35 <01 04 09
3.7 <01 02 0
39 <.01 01 02
4.1 <01 <M .01

APPENDIX IV

SAMPLING ERRORS ASSOCIATED WITH -
MEASURING A RANDOM PROCESS

The RMS value of o continuous ergodic random process
can be determined from the power spectral density:

@ (erms)zzfsstﬁ(f)df’

where P ¢, = power spectral density,

from the probability density function:

+oa
@ (g = [VirlV)dy,

o

where p{v}) = probability density function

V = signal level,
ot from the time integral;

T

2
@) (erme =lim L einiat,
T TV o

where e{t) = time function of the rendom process.

The most common method of determining the RMS value
is to compute the time integral, but the infinite time
interval in the definition is replaced with a finite time
interval, and the computation is then an estimate of true
mean-squared value. if samples of the signel are taken
of duration T, and the RMS value of the samples cal-
culated, the calculated values will vary around the true
RMS value. The deviation of the sampled values around
the true RMS value will vary with the bandwidth and
and sampling time. f the noise is squared and sampled
over periods of time T and if the product B, T>>1 where
B, is the noise bandwidth, the standard deviation of the
energy fluctuation is:

@ ==

(erms)z

1 where ¢ = standard deviation

VEaT

When the sampling process is replaced by continuous
averaging process such as an RC network:

@ a o i .
{erms)” JV2B,RC

The effective sampling time of the RC network is twice
the RC time constant.

Formulas @cmd @were derived for energy fluctua-
tions so they are valid for energy fluctuation. For small
energy fluctuations:

1 1 g . 26 B 25
\/%n-r \/anRC Crms)”  ®rms  Cave

where Bn = Noise bandwidth of the measurement

erms = True RMS value of the noise

o = Standard deviation around the frue mean-square
value

o= Standard deviation around the true RMS vaiuve

il
O = Stendard deviatien around the average absolute
value

The practical aspects of formula 6 become more apparent
when the averaging time constant required to keep the
RMS value to less than 1% of the true RMS velue is
considered:

The time constant required is 1,250, 125 and 12.5 sec-
onds for noise bandwidths of 1, 10 and 100 Hertz. Even
with these time constants there is no guarantee that «
single measurement will be less than 1% of the true RMS
measyrement. |t is only more prebabie that it will be

- 10 —



less than 1% deviation from the true RMS value. The
Chart below gives the RC time constant required to keep
the standard deviation to less than 1%, 2%, 3%, 5% and
10% of the true RMS value for noise bandwidths of 1,3,
10,30 and 100 Hz.

RC, SECONDS
(E?;) RC B By=the| B 53 [B =1W0Hd B, =30 |8, =100
81 1.25 % 10° 1,250 417 125 417 12.5
02 3.33 X W 313 104 33 10.4 3
03 Lax 140 46.7 2 47 14
03 50 50 6.7 5 17 5
A 125 1.5 42 12.5 v N

SAMPLING ERRORS

APPENDIX V

ERRORS ASSOCIATED WITH MEASURING A RANDOM
PROCESS WITH AN INSTRUMENT MEASURING

THE AYERAGE ABSOLUTE VALUE
AND CALIBRATED TO READ RMS FOR A SINEWAVE

The spectral density measurements described in this
paper require RMS or Mean-Square values of the noise,
and these can be obtained by using ¢ true RMS meter.

- 11 =

The RMS value of a random process can also be obtained
from measurements made by an instrument measuring the
average absolute value and calibrated to read the RMS of
a sine wave if the form factor of the noise is known:

RMS
AVE, ABSOLUTE VALUE

FORM FACTOR =

The form foctor and the measurement error of an instru-
ment which measures the average absalute value but
calibrated fo the RMS value of a sine wave are tabulated
below for a sine wave, Gaussian noise, and Rayleigh
noise.

fn many cases the noise signal cannot be classified and
the form factor is not known. Use of a true RMS meter
would elinimate these corrections and the measurement
need not be limited to a particular type of noise.

USEFUL FACTS FOR METERS WHICH MEASURE AVERAGE ABSOLUTE
VALUE BUT ARE CALIBRATED TQ READ RMS VALUE OF A SINE WAVE

* FORM s * ERROR OF AVERAGE
FACTOR = ==l | READING INSTRUMENT
AYE ABS
PER GNIT d8 PERCENT 48
SINE WAVE L1t 91 0 Y
GALUSSIAN NOISE 1.253 1.96 -11.3 -1.08
RAYLEIGH NOISE 1128 1.04 -1.5 - 13

* FORM FACTOR = RATIO RMS$ TO THE AYERAGE ABSOLUTE YALUE
** ERROR OF AN AVERAGE READING INSTRUMENT CALIBRATED TO
READ THE RMS VALUE OF A SINE WAVE
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BAND-REJECT MODE -~ CUTOFF FREQUENCY SETTINGS FOR THE VARIABLE NOTCH

CENTER FREQUENCY

Dgg'gl-{i:’idﬂ 1.0 1.25 1.6 2.0 2.5 3.15 4.0 5.0 6.3 8.0 10.0
HIGH-PASS 1.25 1.6 2.0 25 315 4.0 5.0 6.3 8.0 10.0 12.5

11.0 LOW.PASS 0.8 1.0 1.25 1.6 2.0 25] 3.15 4.0 5.0 6.3 8.0
~3 dB WIDTH .45 6 .75 9| Li5 1.5] L1.85 2.3 3.0 3.7 4,5
HIGH-PASS 1.6 20 25| 3.1 4,0 5.0 6.3 8.0 10.0 ] 12.5 16.0

30.0 [LOW_-PASS 0.63 0.8 1.0 | 1.25 1.6 2.0 2.5] 315 4,0 5.0 6.3
-3 dB WIDTH 97 . 1.2 1.5 1.9 2.4 3.0 3.8 4.85 6.0 1.5 9.7
HIGH-PASS 2.0 251 315 4.0 5.0 6.3 8.0 10.0 125 160 20.0

37.0 |LOW_PASS 0.5 0.63 0.3 1.0 | L25 L6 2.0 251 315 4.0 5.0
-3 4B WIDTH 1.5 1.87 2.35 3.0 | 3.75 4.7 6.0 7.5 9.35 12.0 15.0

HIGH - PASS 2.5 315 4.0 5.0 6.3 801 10.0! 125] 16.0] 200 25.0

38.0 LOW_PASS 0.4 0.5 | 0.63 0.8 1.0 1.25 1.6 20 25} 3.15 4.0
—3 dB WIDTH 2.1 2.65 | 3.37 4.2 5.3 6.75 8.4 10.5 13.5 | 1685} 210
HIGH.PASS 315 4.0 5.0 6.3 8.0 10.0 12.5 16.0 20,0 | 250 315

44.0 LOW_-PASS 0.315 0.4 0.5 | 0.63 0.8 1.0 1.25 1.6 2.0 251 3.15
-3 dB WIDTH | 2.84 3.6 4.5 ¢ 5.67 7.2 9.0 | 11.25 14.4 18.0 | 22.5 | 28.35
HIGH-PASS 4.0 5.0 6.3 8.0 { 10.0 125 16.0 ] 20.0| 250 31.5; 40.0

50.0 |LOW-PASS 0.25 |0.315| 0.4 | 0.5! 0.63 0.8 Lol L25! 1.61 20 2.5
-3 dB WIDTH 3.75 4,69 5.9 7.5 | 9.37 11.7 15.0 | 1875} 23.4 29.5% 37.5
HIGH-_PASS 5.0 6.3 8.0 16.0 12.5 16.0({ 20.0 250 31.5| 40.0] 50.0

57.0 LOW-PASS 0.2 0.25 [ 0.315 0.4 0.5 0.63 0.8 1.0 1.25 1.6 2.0
~3 dB WIDTH 4.8 £.05 | 7.69 9.6 | 120 | 1537 19.2| 24.0 | 30.25| 38.4| 48.0
HIGH-PASS 8.3 8.0 10.0 12.5 16.0 200 250 31.5| 40.0 | 50.0| 63.0

64.0 LOW-PASS 0.16 0.2 | 0.25 |0.315 0.4 0.5 0.63 0.8 1.0 125 1.6
-3 dB WIDTH | 6.}4 7.8 1 975 [1299 15.6 19.5 ] 24.37 | 30,71 39.0 | 48,75 ] 61.4
HIGH-PASS 8.0 10,0 | 12.5 | 16.0 | 20.0 250 | 31.5] 40,0 50.0 ) 63.0} 80.0

71.0 |Low-_pass {0.125 | 0.16 | 0.2 | 0.25 [0.315 0.4 | 05| 063} 0.8 1.0} 125
-3 dB WIDTH | 7.88 9.84 12.3 [15.75 | 19.69 246 | 31.0 1 39.37 | 49.2 | 62.0}78.75
HIGH-PASS 10.0 125 1 16.0 | 20.0 | 25.0 31.51 40.0 | 50.0 | 63.0 | 80.0 | 100.0

75.0 |LOW-PASS 0.y | 0125 | 0,18 0.2 0.25 | 0.315 0.4 0.5 0.63 0.8 1.0
-3 dB WiDTH 2.9 12.38 [ 15.84 | 19.8 (2475 | 31.19 | 39.6 | 49.5162.37 | 79.2| 9%.0

NOTCH CENTER FREQUENCY, F_ = /Fup-FLp
UPPER -3 d8 FREQUENCY = Fyp

LOWER -3 dB FREQUENCY =F| p
-3 dB BANDWIDTH =Fyp ~ F Lp

TABLE 3.1
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28

OUTPUT (dBY)
&
=1

i
B
=3

~50

w60

~70

The settings shown must be multiplied by 100 %—2%5 =100
to center the notch at 125 Hz. So the high-pass frequency
cutoff should be set for 630 Hz and the low-pass frequency
cutoff should be set for 25 Hz. The upper -3 dB frequency is
630 Hz and the lower -3 dB frequency is 25 Hz so the -3 dBR
bandwidth is 605 Hz.

Figure 3.5 shows the normalized filter response for the vari-
able width noich centered at 1,12, Table 3.2 provides the
necessary setting information for producing theses notches at
frequencies of 1.12, 1.4, 1.8, 2,25, 2.8, 3.55, 4.5, 5.8,
7.1 and 8.9,

N, /.—E

A :
0.6 2.8

LOV 1P ASS SETTING / HIGH-PASS SETTING

/

/

N

1.0 1.0
NORMALIZED FREQUENCY

FIGURE 3.6 BAND REJECT SHARF NOTCH NORMALIZED RESPONSE

Figure 3.6 shows the normalized response for the sharp notch
that can be centered at 1.12, 1.4, 1.8, 2.25, 2.8, 3.55,
4.5, 5.6, 7.1 and 8.9. This is a special case of the variable
width notch discussed above. When the high-pass and low-
pass cutoff frequencies are a factor of 1.8 above and below
the center frequency, the phase difference between the high-pass
and low-pass sections is almost 180° at the center frequency,
producing a large cancellation in the output summer. This
sharp notch will give in excess of 50 dB attenuation with a

3-5



3.

5.

3

-3 dB bandwidth of 1.2 x f,. For convenience, the bottom
line of Table 3.2 lists the settings to produce this sharp
notch at the ten avallable center frequencies.

OPERATION AS A BAND-REJECT FILTER

Set the mode switch te REJECT and using. Table 3.1 or 3.2
find the available notch center frequency nearest the desired
notch frequency and select the high-pass and low-pass set-
tings giving the desired notch depth and shape. Set these
cutoff frequencies using Sl through 54,

IMPORTANT: If the filter has the optional amplifier,

its gain MUST be set to 0 dB for proper operation in the band-
reject mode. The high-pass cutoff setting must be at a higher
frequency than the low-pass cutoff setting for proper operation
in this mode. The notch depths referred to on Tables 3.1 and
3.2 are referenced to 0 dB; the pass-band gain of the 4210
Series in the band-reject mode is -6 dB.

OPTIONAL AMPLIFIER OPERATION - CPTION 02

The Amplifier Option provides 0 to 40 dB gain in 10 dB steps. The
ameplifier is DC coupled and its high frequency response is typically

-3 dB at 2.5 MHz. In use, the high frequency response of the unit

will be determined by the low-pass filter section setting. The maximum
output from the amplifier is 7.0 V rms; when using 10 - 40 dB gain, the
input signal level should be reduced to remain within this rating.

IMPORTANT: When operating the filter in the REJECT mode, the amplifier
galn MUST be set to 0 dB for proper operation.

BATTERY OPERATION - OPTION 01

3.

3.

7.

7.

1

2

'BATTERY OPERATION

The battery option provides internal NiCd batteries to allow
operation away from the AC power sources. Operation for up
to 7 hours is possible, Models containing the Amplifier
Ovption can be operated for 5.5 hours onbatteries., (Mode!
4213 can be operated for 4.5 hours on batteries. With a re-
duction in the maximum input specification from 7.0 V rms to
3.0 V rms this model can also operate for up te 7 hours,

see below.)

BATTERY RECHARGING

When the filter is used on AC power, the batteries receive a
trickle charge if the unit is ON or OFF providing the line cord

is connected to an AC power source. This trickle charge
maintains the batteries at full charge. When the batteries have

3 -6
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3

been fully or partially discharged, fast charging is possible
by placing 89 in the CHARGE position and connecting the line
cord to an AC power source, IMPORTANT: The filter is in-
operable when 39 is in the CHARGE position., The position of
the front panel ON/OFF switch does not matter when 89 is in
the CHARGE position. Figure 3.7 shows the necessary
charging period vs AC line voltage for fully discharged bat-
teries, For partially discharged batteries, the time period
should be reducsad, although occasional overcharging will not
adversely affect battery performance.

EXTENDED BATTERY OPERATION FOR MODEL 4213

Booster resistors R35 - R42 are added to the circuit of Medel
4213 to enable the 310H 1.C.'s to drive -10V peak into the
impedance levels encountered in this model, These
resistors increase the current drain and lower the battery
operating periocd to 4.5 hours, If a longer battery operating
period is desired, resistors R35 - R42 may be removed from
the circuit. The maximum input signal in this case is 3,0V
rms for the 4213, but the full 7 hour pericd of battery
operation can be achieved.

4
[

&

AC LINE ¥OLTAGE

1 B 14 15 16 W 1 i

TIME FOR F]'ULL HARQE

FIGURE 3.7 BATTERY CHARGING PERIOD V5 AC LINE VOLTAGE



BAND-REJECT MODE ~~ CUTOFF FREQUENCY SETTINGS FOR VARIABLE NOTCH

{Botiom L.ine For Sharp Notch)
CENTER FREQUENCY

preh 4B 112 | 1.4 | 1.8 | 225 | 2.8 | 3.55| 45| 5.6 7.1 | 89
HIGH_PASS L6 | 20 | 251|335 | 4.0 50] 63| 80| 100 12.5

18.0 |LOW-PASS 0.8 | 1.0 | L25 | 1.6 | 2.0 251 3.15| 40| 50| 6.3
~3 4B WIDTH 0.8 | 10 | 1.25 | 1.55 | 2.0 251 315 40| 50| 6.2
HIGH_PASS 2.5 | 3.15 4.0 5.0 6.3 80 ] 0.0 125 16.0 | 20.0

37.0  |LOW-PASsS 0.5 6.63 | 0.8 | 1.0 | 1.25 L6 20| 25) 3.5 4.0

-3 dB WIDTH 2.0 | 2.52 3.2 4.0 | 5.05 6.4 8.0 | 10.0 }12.85 | 14.0

HIGH-PASS .15 4.0 5.0 6.3 8.0 10.0 + 125 | 16.0 | 20.0 | 25.0

40.0 LOW.,PASS 0.4 0.5 | 0.63 0.8 1.0 1.25 1.6 2.0 25 | 315
-3 dB WIDTH 2.75 3.5 | 4.37 5.5 7.0 8.75 10.9 14.0 17.5 |21.85
HIGH-PASS 4.0 5.0 6.3 8.0 10.0 125 | 6.0 | 20.0 | 25.0 i 31..5

46,0 LOW_-PASS 0.315 0.4 0.5 | 0.63 0.8 1.0 § 125 1.4 2.0 2.5
-3 dB WIDTH | 3.69 4.6 5.8 | 7.37 9.2 11.5 {1475 | 18.4 | 23.0 | 29.0
HIGH-~PASS 5.0 6.3 B.0 | 1.0 | 12.5 16.0 | 20.0 | 25.0 | 31.5 | 40.0
53.0 LOW_PASS 0.25 |0.315 0.4 0.5 10.63 0.8 1.0 ] .25 1.6 2.0
-3 dB WIDTH | 475 | 599 7.6 9.5 [11.87 15.2 | 19.0 [23.75 | 29.9 | 38.0

HIGH-PASS 6.3 8.0 10.0 12.5 16.0 20.0 | 25.0 | 3.5 | 40,0 | 50.0
0.0 LOW-PASS 6.2 | 0.25 H0.315 0.4 0.5 0.63 0.8 1.0 1.25 1.6
-3 dB WIDTH 6.1 | .75 | 9.69 12.1 15.0 19.37 | 24,2 | 30.5 [38.75 | 48.4
[H1GH-PASS 8.0 [10.0 |125 [16.0 [20.0 | 250 | 31.5 | 400 | 50.0 | 3.0
67.0 LOW.PASS 0.16 0.2 10.25 D315 0.4 0.5 i 0.63 0.8 1.0 | 1.25

-3 dB WIDTH 7.84 9.8 [12.25 [15.69 | 19.6 24.5 130.87 | 39.2 | 49.0- |61.75

HIGH_PASS 0.0 [ 125 [ 160 [20.0 | 250 31.5 | 40.0 | 50.0 | 63.0 | 80.0
73.0 LOW-PASS 0.125 | .16 0.2 |0.25 D.315 0.4 0.5 | 0.63 0.8 1.5

-3 dB WIDTH | 9.88 112,34 |15.8 N19.75 PA4.69 3.} | 39.5 149.37 | 62.2 | 79.0
HIGH-PASS 125 [ 16.0 ;20.0 250 |}31.5 40.0 | 50.0 | 63.0 | 80.0 [100.0

75.0 LOW-PASS 6.1 0125 1 0.6 0.2 10.25 [0.315 0.4 0.5 | 0.63 0.8
~3 dB WIDTH 12.4 [15.88 [19.84 |24.8 1.25  [39.69 | 49.6 | 62.5 ly9 37 99,2

e el e e e e e 1
HIGH-PASS 2.0 2.5 13.15 40 | 5.0 6.3 8.0 | 10.0 2.5 | 16.0

5.0  |LowW-PAss 0.63 | 0.8 | 1.0 |125 | 1.6 20 | 25 |3.15 | 40 | s.0
-3 dB WIDTH 1.37 1.7 215 |2.7% 34 4.3 5.5 | 6.85 8.5 11.6

NOTCH CENTER FREQUENCY F, = /Ryp-FLp
UPPER -3 dB FREQUENCY = Fyp
LOWER -3 dB FREQUENCY =F| p

~3 dB BANDWIDTH = Fyp - F| p

TABLE 3.2
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SECTION 4

THEORY OF OPERATION
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FILTER CIRCUIT

The circuit shown in Figure 4.1 will have a low-pass response
characteristic such as that represented in Figure 4.3. The cutoff
frequency, (where R = X¢) will be at -6 dB on the response curve,

The network will pass all signals below this cutoff frequency with
little attenuation. Above the cutoff frequency, the network attenuation
will increase with frequency and the rate of attenuation will approach
12 dB/octave. The isolation amplifier prevents the second RC section
from loading the preceding RC section. One objection to.this network
is that the response in the region of the cutoff frequency does not
change as rapidly as desired.

The rate of attenuation can be improved by applying positive feedback
such as is illustrated in Figure 4.2. The amount of feedback will
control the amount of peaking in the vicinity of the cutoff frequency.
(see the upper curve of Figure 4.3.) The two networks in Figure 4.1
and 4.2 have similar pass-band and stop-band attenuation, but the
transition region around the cutoff frequency can be conirolled by
positive feedback. When two filter sections similar to those in Figure
4.2 are cascaded, the overall response is that of a four pole low-pass
filter. Figure 4.4 shows this configuration. The feedback gains Ay and
Ay can be set for a maximally flat response producing a four pole
Butterworth low-pass filter. The rate of attenuation is 24 dB/octave
above the cutoff frequency. At the cutoff frequency the response is

-3 dB.

Interchanging the RC elements in the circuit of Figure 4.2 to the con-
figuration shown in Figure 4.5, changes the filter response from a
low~-pass to high-pass filter with the response illustrated.in Figure 4.6.
Again the positive feedback causes the response to peak in the vicinity
of the cutoff frequency, giving more rapid attenuation below the cutoff
frequency. Cascading two sections similar to those of Figure 4.5,
produces a four pole Butterworth high-pass filter as shown in Figure
4.7. The feedback gains A1 and Ay can be set to give a maximally flat
regponse, thus producing a four pole Butterworth high-pass filter,
Figure 4.8 shows the amplitude response for both quadratic sections

of the low-pass and high-pass filter sections used in the 4210 Series
Filters in the NORMAL mode. The overall response of the low-pass and
high-pass filters is the sum of the first and second gquadratic responses
for each section.

The organization of these sections when the filter is used in the NORMAL

or PULSE mode is depicted in Figure 4.9, When the high~pass multiplier
switch S2 is in the OUT position, the high~pass filter is bypassed and

4 -1



4.2

the filter response is that of a DC coupled low-pass filter. If the
Amplifier Option is used, it is located between the first and second
low-pass sections. Figure 4.10 details the filter organization in the
BAND-REJECT mode. The low-pass and high~pass sections are operated
in parallel and their cutputs added.

AMPLIFIER OPTION - OPTION 02

- The optional 0 - 40 dB amplifier employs two cascaded stages each

running at a fixed gain ¢f 20 dB, Attenuators are used to switch the
gain in 10 dB steps. In the 0 dB position, the amplifier stage is by~
passed. The amplifier is DC coupled and the high frequency response
is determined by capacitors C6 and C7 and inductors L1 and L2, {Refer
to schematic diagram in Section 7.) Figure 4.11 shows the high fre-
quency amplitude response for the amplifier. Capacitors C6 and C7 are
factory adjusted to produce the rolleff shown. Since the amplifier is
located between the first and second quadratic sections of the low-
pass filter, the overall high frequency response will be determined
primarily by the filter. Normally the low-pass filter cutoff will be

sufficiently lower in frequency to completely determine the high frequency

filter response whereas Model 4213 is a possible exception if its low-
pass cutoffs are set in the highest decade. Figure 4.12 shows the high
frequency phase response of the amplifier stage.

OFFSET CORRECTION FOR INPUT BIAS CURRENT

An input bias current, which is temperature dependent, flows in the
310 integrated circuits used in the 4210 Series Filters. This current is
typically 2nA. In the filter Model 4211 the resistance through

which this current flows is as high as 2,251 M ohm,. This produces a
-4.5mV offset voltage at the input of the 310 which is coupled through
the low-pass section. Since the input resistance varies with the cutoff
setting switches S1 and S3, this offset would vary with the cutoff
setting. In filters with the amplifier option, this offset could be as
great as 1.3 volts at the output when 40 dB of gain is selected. Figure
4.13 details this situation. The offset adjustments in the filter enable
one to zero this offset at one particular setting of S1 and S3, but as
resistors B, C, and D of Figure 4,13 are varied, the voltage drop across
them will vary and the offset will no longer be zeroed.

An external current source is used on these three stages, AR7, ARS,

and ARIO to alleviate this problem. The input bias current is supplied
through 1500 M ohm resistors connected to a temperature compensated
source. Thus the variations of the frequency setting resistors cause no
offset since no current flows in them, (see Figure 4.14) To compensate
for the variation of the 310 input bias current with temperature, the
temperature compensated source uses a 310 with a 1500 M ohm resistor
in its Input to generate a voltage of i, x 1500 M ohm. Thus this voltage
has the same temperature variation as the 310 input bias current. This
voltage is amplified and inverted and supplied to the 1500 M ohm resis-
tors at the input of AR7, ARS8, and AR10. (See schematic in Section 7.0)

4 -2
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SECTION 5§

RECOMMENDED TEST PROCEDURE

4210 SERIES VARIABLE ELECTRONIC FILTERS

1.0 OBJECTIVE

This recommended test procedure's objective is to make neces-
sary adjustments and to test filter performance.

2.0 EQUIPMENT RECOMMENDED

2.1

2.2

2.11

Frequency Counter - HP 5326C
Digital Voltmeter - Dana 5230
Oscillator - HP 209%A

600 ohm attenuator - GR1450TA, and termination resistor,
600 ohm 1% '

RMS Meter -~ Ballantine 320A
ITHACO Model 451 Postamplifier
ITHACO Model 4113 Filter
Oscilloscope

Distortion Analyzexr -~ HP 331A

Switch Box - J89 (Shielded single pole double throw switch
for comparing two signals)

Ohmmeter, Simpson 260 or Weston Multimeter

3.0 PRELIMINARY CHECKS

3.1

Set back panel switches as follows:
CHG/AC/BATT - To AC
115/230 - To 115

CKT GND Switch - Circuit ground to power ground off.



3.4

3.6

Check with an ohmmeter for a short between the line cord
ground pin and a case screw. Check for an open circuit
from the input BNC shell to the AC line ground.

CKT GND Switch -~ Circuit ground to power ground on.
Check for short from input BNC shell to AC line ground.
CKT GND Switch -~ Circuit ground to power ground off.

Set front panel switches as follows:

S5 to off

Gain switch (if so equipped) to 0dB

86 to normal

Plug unit in and turn it on.

Verify following DC voltages: (use low-pass multiplier
switch S4 shield as reference)

Filter Board E +14.25V & 25V
Filter Board G -14,25V + .25V
Pin 4 of XLR connector +14,.25V & .25V
Pin 2 of XLR connector -14,.25V + .25V

If supplied with battery option, switch CHG/AC/BATT (rear
panel) to BATT and verify pin E and pin G voltages as in
3.4. Return to AC position of 89. :

Power Supply and Battery Charger Checks (POWER ON)

1} Measure DC voltage at C2 positive end (approx. +27V).
Switch 115/230 volt switch (rear panel) to 230V.
Voltage should drop to half its original value. Return
115/230 switch to 115V. (Multimeter is OK for this
section).

2) Float DC voltmeter signal return terminal for following
test by disconnecting shorting link or interrupting the

AC third wire lead. Disconnect both batteries. Connect

voltmeter across one set of battery terminals on the PC
board. Read voltage under the following conditions:

Power switch off, CHG/AC/BATT switch set to AC.
Read approximately 33 volts.

Power switch off, CHG/AC/BATT switch set to CHARGE,
Read twice first voltage.



Power switch off, CHG/AC/BATT switch set %o BATT.
Read approximately the first voltage.

Power switch ON, CHG/AC/BATT switch set to BATT.
Read approximately 3 volts.

Return CHG/AC/BATT to AC,

3) Repeat 2 above with voltmeter connected across second
set of battery terminals.

4.0 MAXIMUM INPUT LEVEL (SET-UP #1)
4.1 8Set attenuator to 0dB and remove the 6000 termination.
4v2 If filter has amplifier option, switch it to 0dB gain.
4.3 Place 5k} load on output.
4.4 Set High Pass and Low Pass sections according to the table
below:
HIGH PASS LOW PASS FREQUENCY
MODEL SETTING MULTZI. SETTING MULTI. Hz
4211 10 10 10 103 7k
4212 10 10 10 10" 70k
4213 10 10 10 103 100k
4213 10 10 10 102 1k*
4.5 Verify that an input signal level of 7.0V RMS at the
frequency in the table produces an output free of
noticeable distortion.
*For this test only the output should be approximately 3dB
down with no visible clipping or distortion.
5.0 DISTORTION_(SET"UP #1)

Put 5k load on filter output.
Adjust oscillator for 7.0V RMS at lkHz.

Set High Pass to 1.0 x QUT.
Set Low Pass to 10 x 10°2.

Distortion should be less than 0.2%.



6.

0

OFFSET ADJUSTMENTS (Setup #1)

6.

5.

1

2

Input Offset Current

Adjustments for 4211 and all units with Amplifier Option 02, {These
units contain the current source card mounted on the rear of the low-
pass multiplier switch, S4.)

6.1.1

With DVM, measure the voltage at pin 6 of ARZ on the current
source card, It should be less than +12,0 volts, If it is less
than +3, 0 volts, remove both RZ and R3 tc increase the gain
of ARZ, If the voltage at ARZ pin 6 is greater than +3 volis
but legs than +7 volts, remove R2 from the circuit board. The
voltage should now be between +6 and +10 volts.

Filter Offset

6.2.1

6.2.3

6.2.4

6.2.5

6.2.6

6.2.7

6.2.8

6.2.9

6.2.10

Set high pass to 10X highest range (not out) and low pass to
10104, Set to normal mode and 40 dB gain if filter has Option
02. Place a shorting cap on input.

Short pad 40 (white/red wire on S4) to ground and adjust RZ26
for 0 VDC at putput BNC.

Remove short from pad 40 and adjust R32 for 0 VDC at output.
Leave gain at 40 dB until otherwise specified.

Rotate 81 from 10 to | and adjust R6 on the current source card
(pot closest to rail) so that the offset at the output BNC doesn't
change from one setting to the other.

Short pad 50 (white/black wire on 84) to ground and adjust R8
on the current source card {pot furthest from the rail) so that

there is no change in the coffset at the output BNC when 83 is
changed from 10 to 1.

Remote the short from pad 50 and adjust R7 on the current source‘g_;;
card for no change in offset when S3 is changed from 10 to 1.

Readjust R32 for 0 VDC at output BNC.

Set high pass switch S2 to out position and adjust R13 for

0 VDC at output BNC,

Check all positions of S1 and S3 to make sure offset doesn’'t
change more than 2 mV,

Switch gain from 40 dB to 0 dB. Offset should not change more
than 10 mV. If it does, the amplifier offset pots need to be
readjusted. '



6.3

6.4

Amplifier Offset

6.3.1 If the amplifier pots need to be readjusted, proceed as
follows:

short input BNC, set high pass to 10X highest range,
set low pass to 10x102, short output of AR10 to ground,
switch to 40 dB gain.

6.3.2 Adjust Rl of amplifier gard for 0,000V on output BNC.

6.3.3 Switch to 20 dB gain and adjust R10 for 0.000V on
cutput BNC.,

6.3.4 Repeat steps 6.3.2 and 6.3.3 until both positions are
0.000vV,

6.3.5 Remove short from AR10 and switch to 40 dB gain. Readjust
R32 for 0.000V on output BNC.

Input Buffer Offset Current Check (All 4200 Filters)

5.4.1 Short filter input with shorting cap,.
6.4.2  Set filter gain to 0 dB if so equipped.

£.4.3 Set filter to high pass out, low pass 10 x 103.

6.4.4 Read shoried input offset. Remove shorting cap from
input. Allow instrument to settle., Read DC voltage at
outpui. Offset should not increase more than 5 mV due
to Q1 input current,



7.0 FILTER GAIN CHECK (SET-UP #1)

7.1 Return 6000 termination to attenuator and set attenuator
+o 0dB.

7.2 Set mode switch to NORMAL.

7.3 Set filter gain switch to 0dB if filter has amplifier
option.

7.4 Set oscillator output to approximately 1.0V RMS.

7.5 Follow settings below and measure filter gain by comparing
input and output.

GAIN PASS
HIGH PASS LOW PASS FREQ. LIMIT
MODEL SETTING MULT. SETTING MULT. Eﬁ gg
4211 1.0 102 10 103 1k 0 ¢+ 0.1
4212 1.0 103 10 10% 10k 0+ 0.1
4213 1.0 10" 10 105 100k 0 £ 0.1

8.0 AMPLIFIER OPTION GAIN CHECK (SET-UP #1)
8.1 Set High Pass to 10 x OUT.
8.2 Set Low Pass to 10 x 10°3.
8.3 Set oscillator to 1.0V RMS at lkHz.

§.4 TFollow settings below and measure amplifier gain.

ATTENUATION FILTER GAIN FILTER GAIN GAIN ERROR
_ ERROR PASS LIMIT

dB dB dB dB

0 0 $#0.1

10 10 0.1

20 _ 20 0.1

30 30 0.1

40 40 0.1




9.0 LOW PASS MULTIPLIER ACCURACY (SET-UP #2)

*When testing the range multiplier of the Models 4211, and

4212,

2.251k 10.1% resistors are shorted across resistors B, C,

D and E on the low pass setting switch, 83 to increase the cut~

off frequency so that it can be measured accurately.

Tests

requiring these resistors are indicated by an asterisk (*) next
to the setting.

9.1 Set attenuator to 34B.

MODEL 4211 - Resistors B, C, D, E on the low pass setting switch are
at 11 o'clock when viewed from the front and are 900. 3k

ohms.
HIGH PASS LOW PASS FREQUENCY-Hz (Period-Millisec)
SETTING  MULTI. SETTING  MULTI. NOMINAL  PASS LIMIT MEASURED
10 ouT 2.5% .01 (100) {(99-101)
10 ouT 2.5% .1 (16) (9.9~-10.1)
10 ouUT 10.0 1.0 (100) (99-101)
ie our 10.0 10.0 (10) (9.9-10.1)
ia . our 10.0 10.0°% 1000 990-1010
10 oUT 1.0 10.0° 1000 950-1050
MODEL 4212 - Resistors B, C, D, E on the low pass setting
switch are at 11 o'clock when viewed from the
front and are 90.03k ohms.
HIGH PASS LOW PASS FREQUENCY-Hz (Period-Millisec)
SETTING  MULTI. SETTING  MULTI. NOMINAL  PASS LIMIT MEASURED
10 QUT 2.5% 0.1 (98) (97-99)
10 ouUT 2.5% 1.0 (9.8) (9.7-9.9)
10 ouT 106.0 10.0 (10) (9.9-10.1)
10 ouUT 10.0 10.02 1000 990-1010
10 ouT 1.0 10.0°% 1000 990-1010
10 ouT 1.0 10.0" 10k 9.5k-10.5k
MODEL 4213
HIGH PASS LOW PASS FREQUENCY-Hz (Period-Millisec)
SETTING  MULTI. SETTING  MULTI. NOMINAL  PASS LIMIT  MEASURED
10 QUT 10.0 1.0 (100) (99-101)
10 oUT 10.0 10.0 (10) (9.9-10.1)
10 ouT 10.0 10.0°% 1000 990~1010
10 ouT 1.0 10.0° 1000 990-1010
10 ouT 1.0 10.0" 10k 9.9k-10.1k
10 ouT 1.0 10.0° 100k 95k-105%



10,0 . HIGH PASS MULTIPLIER ACCURACY (SET-UP #2)

*When testing the range multiplier accuracy of the Models

4211 and 4712, 2.251K = G.1% resistors are shorted across

resistors A, B, C, and D on the high pass setting switch, S1,
to increase the cutoff frequency so that it can be measured
accurately with a counter. Tests requiring these resistors
are indicated by an asterick (*) next to the setting.

MODEL 4211 - Resistors A, B, C, D on the high pass setting
switch are at 11 o'clock when viewed from the front

and are 900.3X ohms.

HIGH PASS LOW PASS FREQUENCY~Hz (Period-Millisec)

Setting Multi. Setting Multi, Nominal Pass Limit Measure¢

2.5% .01 10 10§ (100) {e9-101)

2.5% 0.1 10 103 (10) (8.9-10.1)

10 1.0 10 103 (100) (99-101)

10 102 10 103 {10) {(3.9~10.1)

10 10 10 10 looo 990-1010
MODEL 4212 - Resistors A, B, C, D on the high pass setting switch_

are at 11 o'clock when viewed from the front and are
90.03K ohms. -

HIGH PASS LOW PASS FREQUENCY~Hz (Period-Millisec) _
Setting Multi. Setting Multi. Nominal Pass Limit Measureéﬁ
2.5% 0.1 10 10y (98) (97-99)
2.5% 1.0 10 104 (9.8) {(9.7-9.,9)
10 102 1o 104 (10} {8.9~10.1)
10 103 10 104 1000 990-1010
1.0 10 10 10 1000 990-10610
MODEL 4213
HIGH PASS LOW PASS FREQUENCY~Hz {(Pericd-Millisec)
Setting Mult. Setting Multi. Nominal Pass Limit Measured
10 1.0 10 107 (100) (99-101)
10 102 10 105 {10) (9.9~10.1)
10 103 10 105 1000 990-~-1010
1.0 104 10 105 1000 990-~1010
10K 9.9K-10.1XK

1.0 10 10 10



11.0 FREQUENCY SETTING ACCURACY (SET-UP 42)

Note: To remove the range multiplier error while checking the
frequency setting:

11.1 Set the oscillator frequency to 1000 Hz * lHz (100 Hz ¢
0.1 Hz) for the 4211 and record the attenuation to
within % 0.02dB.

11.2 All subsequent readings of frequency will be taken at the
same output attenuation recorded in step 11.1.

MODEL 4211 - Low Pass Setting Test (Measure Period)

HIGH PASS LOW PASS PASS LIMIT
SETTING MULT, SETTING MULT. (PERIOD~MILLISEC) Note Att:

10 OUT 1.0 102 (10 £ 0.01)
10 ouT 1.25 10% (7.962-8.039)
10 ouT 1.6 102 (6.219-6.281)
10 OUT . 2.0 102 §4.g;5-2.oisg
10 QUT 2.5 10 3.979-4.019
10 ouT 3.15 102 (3.159-3.191)
10 OUT 4.0 102 {(2.488-2.513)
10 ouT 5.0 102 (1.990~2.010)
10 ouT 6.3 102 (1.579-1.595}
10 ouT 8.0 10 (1.244-1.256)
10 OUT ~10.0 102 (0.995-1.005)

MODELS 4212, 4213 - Low Pass Setting Test

HIGH PASS LOW PASS PASS LiMiIT
SETTING MULT. SETTING MULT. FREQUENCY -~ Hz Note Att:

10 ouT 1.0 10° 1000 ¢ 1
10 ouUT 1.25 102 1244-1256
10 ouT 1.6 103 1592~1608
10 ouT 2.0 103 1990~2010
10 ouT 2.5 10° 2488-2513
10 OUT 3.15 10?3 3134-3166
10 oUT 4,0 10?3 3980~4020
10 OUT 5.0 103 4975-5025
10 OUT 6.3 103 6269-6332
10 - ouT 8.0 10° 7960-8040
10 oUT 10.0 10?3 9950-10050



MODELS 4211 - High Pass Setting Test (Measure Period)

HIGH PASS LOW PASS PASS LIMIT

SETTING MULT. SETTING MULT. (PERIOD~-MILLISEC) Note Att:
1.0 10° 10 10° (16.0 + 0.01)
1.25 10° 10 10? (7.962-8.039)
1.6 102 10 10° (6.219-6.281)
2.0 1072 10 10? (4.975-5.025)
2.5 102 10 10° (3.979~4.019)
3.15 102 10 10°3 (3.159-3.191)
4.0 102 10 10° (2.488-2.513)
5.0 10? 10 10° (1.990-2.010)
6.3 1072 10 10° (1.579-1.595)
8.0 102 10 10°? {1.244-1.256)

10.0 102 10 10°? (0.995-1.005)

MODELS 4212, 4213 - High Pass Setting Test

HIGH PASS LOW PASS PASS LIMIT

SETTING MULT. SETTING MULT. FREQUENCY - Hz. Note Att:
1.0 10? 10 10" 1000 + 1
1.25 10° 10 10" 1244 - 1256
1.6 10°3 10 10" 1592 - 1608
2.0 103 10 10" 1990 - 2010
2.5 108 10 10" 2488 - 2513
3.15 103 10 10" 3134 - 3166
4.0 103 10 10" 3980 - 4020
5.0 10° 10 10" 4975 - 5025
6.3 10?3 10 10" 6269 - 6332
8.0 10} 10 10" 7960 ~ 8040

10.0 108 10 10" 9950 - 10050
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12.0 PULSE MODE ACCURACY (SET-UP #2)
12.1 Set attenuator to 8dB.

12.2 Set mode switch to PULSE.
12.3 Set High Pass to 10 x OUT.

12.4 Set oscillator to 1000 Hz *+ 1.0 Hz (100 Hz % 0.1 Hz for
4211) and record the output attenuation to within % 0.02dB.

12.5 All subsequent readings of frequency will be taken at the
same output attenuation recorded in step 12.4.
MODEL 4211 - Measure Period

LOW PASS PASS LIMIT

SETTING MULT. (PERIOD-MILLISEC)
1.0 102 (10.0 + 0.01) Note Att:
1.25 102 (7.962-8.039)
1.6 102 (6.219-6.281)
2.0 10°? (4.975-5.025)
2.5 10° ‘ {3.979-4.019)
3.15 102 (3.159-3.191)
4.0 102 (2.488~2.513)
5.0 10% (1.990-2.010)
6.3 102 (1.579-1.595)
8.0 10?2 (1.244-1.256)

10.0 10° (0.995-1.005)

MODELS 4212, 4213,

LOW PASS PASS LIMIT
SETTING MULT. FREQUENCY - Hz
1.0 10? 1000 + 1.0 . -~ Note Att:
1.25 103 1244-1256
1.6 103 1592-1608
2.0 10 1990-2010
2.5 103 2488-2513
3.15. 103 3134-3166
4.0 103 3980-4020
5.0 10°? 4975~5025
6.3 103 . 6269-6332
8.0 10°3 7960-8040
10.0 103 9950-10050
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13.0 BAND REJECT MODE TEST (SET-UP #2)
13.1 Set filter mode switch to REJECT.
13.2 Set oscillator for 1V RMS.
13.3 Set attenuator for 50dB.
13.4 Set oscillator and switch settings as in table below and
verify rejection of at least 50dB by comparing attenuated
input signal with the output. Tune the oscillator freguency .
slightly to achieve maximum rejection.
MCODEL 4211
08C. FREQUENCY HIGH PASS LOW PASS
Hz Setting Mult. Setting Mult.
563 10 10? 3.15 102
MODELS 4212, 4213
05C. FREQUENCY HIGH PASS LOW PASS
Hz Setting Mult. Setting Mult.
5630 10 10°® 3.15 103

14.0

Note:

14.1

14.2
14.3

14.4

STOP BAND ATTENUATION (SET-UP #3)

When testing the low pass section, the high pass section
is set to 500 Hz to reject line related components in
the oscillator. When testing the high pass section, the
low pass section is set to twice the test frequency to
reject higher order harmonics of the test oscillator.

Set the input signal level to 3.16 V RMS (+10dB).

Put a top and bottom cover on the filter (not necessary
to secure it with screws).

Set 451 postamplifier gain for 40dB gain, 1Hz low
frequency cutoff, 4113.for DC to 100kHz.

If filter has amplifier option, set filter gain for (0dB.

5. 12



LOW PASS TEST

HIGH PASS LOW PASS FREQ. ATTEN. PASS

MODEL  getting Mult.  Setting  Mult. Hz Limit--dB
4211 5.0 102 10.0 10 2k 90
5.0 102 10.0 102 20k 90
4212 5.0 102 10.0 102 20k 90
5.0 107 1.0 108 20k 90
4213 5.0 107 1.0 10?2 20k 90
5.0 1972 1.0 io* 200k* 90

*Set input signal to 2.0V RMS (+6dB) and measure gain of 451
separately to find its roll-off, set 4113 low pass cutoff
for 500 kHz, and high pass cutoff for 63 kHz. Avoid ground
loops in test setup.

HIGH PASS TEST

HIGH PASS LOW PASS FREQ. ATTEN. PASS

MODEL  setting  Mult. Setting Mult. Hz Limit--dB
4211 10 10 10 1.0 5 90

10 102 10 10 50 90
4212 10 10° 10 : 10 50 90

10 103 10 107 500 90
4213 10 103 10 102 500 90

10 1o 10 108 5k 90

15.0 BROADBAND NOISE (SE?*UP #3)
15.1 Place shorting cap on input.
15.2 Set 4113 bandwidth for DC to 100 kHz.

15.3 If filter under test has amplifier option, set its gain
for 40 dB and remove the 451 post-amplifier from setup.

15.4 If filter does not have amplifier option, set 451 gain
for 40dB, low frequency roll-off for 1 Hz.
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HIGH PASS LOW PASS NOISE-PASS LIMIT

MODEL Setting Mult. Setting Mult. u Volts Ref., to Input
4211 1.0 .01 10.0 103 70
1.0 .01 1.0 10° 70
4212 1.0 0.1 1.0 10 70
1.0 0.1 1.0 103 70
4213 1.0 1.0 1.0 10°% 70
1.0 1.0 1.0 10" 70

16.0 POPCORN NOISE (SET-UP #3)

16.1 Place shorting cap on input. Set test filter to 1 x1
high pass and 10 x lk low pass.

16.2 Set 4113 post filter to high pass out and 1 x lk low pass.
16.3 1If filter has amplifier option, set its gain to 0dB.

16.4 Set 451 post amplifier to 704B gain, low frequency rolloff
at 1 Hz.

16.5 Replace RMS meter with scope; set to 100 mV/cm vertical
sensitivity and 20 mS/cm horizontal sweep {(free runningj}.

16.6 Observe for rectangular noise pulses as shown on the
waveform photo below, rejecting units exhibiting noise
pulses.
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1.0

4200 AMPLIFIER - TEST PROCEDURE

OBJECTIVE

To test and calibrate the 4200 0 to 404B amplifier stage
before assembly in the 4210 Series filters.

EQUIPMENT NEEDED

1. Digital Voltmeter - Dana 5230

2. Oscillator, 50 chm, 10MHz -HP651A
3. 50 ohm attenuator - HP 355D

4., Distortion Analyzer - HP 331A

5. RMS meter - Ballantine 323

6. 4113 Filter

7. 451 Postamplifier

8. Oscilloscope

9. Test Jig #J121
10. Power Supplies t 14 volts

INITIAL CONNECTIONS

1. Adjust power supplies for *1l4.1 volts before connecting
to test jig.

2. Turn supplies off and plug them into test jig. Make
certain polarities are correct.

3. Plug amplifier card into test jig. The center pin at
each end of the switch assembly fits into the outermost
gold terminal at each end of the test jig. Do not force
card into place.

4. Keep all input and output cables shorter than 1.5 feet.

5. Turn on power supplies; Current drain should be approxi-
mately 15 ma.

D.C. OFFSET ADJUSTMENT {(Set-up #1)

1. Place shorting cap on attenuator input of J121
2. Set amplifier for 20 dB gain

3. Place S1 in CUT 1 position, 52 to OUTPUT

4. Adjust Rl for 0.0.volts (%0.2mv) offset

5. Switch S1 to OUT 2

5 - 16



9.

Adjust R10 for 0.0 Volts (10.2mv) offset.
Switch amplifier to 40dB gain.

If offset is greater than tl.0mv, readjust Rl to lower
it.

Offset should now be less than *1.5mv at all gain settings.

MAXIMUM OUTPUT (SET-UP #2)

1.

Set amplifier to 40dB gain
Switch S1 to OUT 2, S2 to OUTPUT.

With oscillator at 1 KHz, reduce attenuator to 10dB
position.

Verify that an output of at least 22 volts peak-to-peak
can be obtained with no clipping (Readjust oscillator
amplitude if necessary).

GAIN ADJUST (SET-UP #2)

Be sure amplifier has warmed up for 3 minutes before attemp-
ting this adjustment.

1.

2.

Set-up as above but replace oscilloscope with RMS meter,
Place S2 to INPUT position.

Set attenuator for 40d4B.

Set oscillator frequency for 1 KHz and adjust oscillator
amplitude for RMS meter reading of 3lémv with meter on
300mv range {(+104B mark).

Set amplifier for 40dB gain.

Switch S1 to OUT 2, S2 to OUTPUT.

Adjust R12 so meter indicates exac%ly +10d4B on 300mv
scale {(no change in meter reading when S$2 is switched

between INPUT and QUTPUT).

Check gain on other ranges by switching attenuator and
gain switch and comparing input and output with S2.

Gain errors should be less than *0.05dB.
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7.0

HIGH FREQUENCY ROLLOFF ADJUSTMENT (SET-UP #2)

Be sure amplifier has warmed up for 3 minutes before
attempting this adjustment.

1. Set amplifier gain and attenuator for 40dB.
2. Set 51 to OUT1, S2 to INPUT.
3. Set oscillator at 2MHz and adjust oscillator amplitude
to give 316 mv reading on RMS meter (+10dB).
4. Switch S2 to OQUTPUT and switch RMS meter to 30mv range.
5. Use insulated screwdriver to adjust C6 so output is down
- 0,8dR from +10d4B point.
6. Change frequency to 1 MHz.
7. Switch RMS meter to 300mV range and switch S1 to OUT 2.
€. Adiust C7 so output is equal to input.
DISTORTION
1. Set up as in figure 2, but replace scope with distortion
analyzer.
2. Set amplifier for 40dB gain
3. Place S1 to OUT 2, S2 to OUTPUT, oscillator frequency to
: 1 KHz.
4. Adjust attenuator and oscillator amplitude so amplifier
output is 7.0 volts RMS.
5. Measured distortion should be less than 0.25%.

BROADBAND NOISE (SET-UP #3)

1.

Place shorting cap on attenuator input of J121.
Set amplifier for 40 dB gain.
Switch S1 to OQUT 2, $2 to OUTPUT.

Set 4113 filter low pass section to 100KHz, high pass
section to OQUT.

Set 451 postamp gain to 20dB.

Noise voltage should be less than 5mv RMS (5,u volts
referred to amplifier input).
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BVM

SET UP #3
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Scope

RMS

Meter

SET UP #1
QscC . 500
50¢ Attenu- J121
65 1A ator
i 508
Note 1: Use 500 output of oscillator
Note 2: Be sure attenuator terminated with 500
SET UP #2
) 451 411
) 100KHz
Jl21 B.W.
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6.

0

SECTION 6

REPLACEABLE PARTS

6.1

6.2

6.3

6.5

INTRODUCTION
This section contains information for ordering replacement parts. Tables
list parts in alphabetical order of their reference designation and

indicates the description and ITHACO part number for each part. When
applicable, a typical manufacturer of a part is indicated.

ORDERING INFTORMATION

To order a replacement part, address order or inquiry to an authorized
ITHACO Representative or to;

Customer Service
ITHACO Inc.
735 West Clinton Street
Ithaca, New York 14850
Specify the following information for each part:
a) Model and complete serial number of instrument
b) ITHACO stock number
¢) Circuit Reference Designation
d) Description
REFERENCE DESIGNATIONS
Table 6.1 is a list of reference designations
CODE LIST OF MANUFACTURERS
Table 6.3 is a Code List of Manufacturers, The manufacturer's code
is given with each part. If a code number is missing, the part is of
ITHACO manufacture and can be ordered by the ITHACO part number.
AMPLIFIER OPTION
Due to the placement of the optional post amplifier, it is quite difficult
to replace parts on its circuit board. If trouble is encountered on the

amplifier board, it is suggested the entire filter be returned to ITHACO
for repair,



REFERENCE DESIGNATIONS

A assembly H hordware plug, EIe:fricu!-(cnnnector,
subassembly, separoble or HR heoter movable portion)
repairable tamp, infrared Ps power supply
AR amp|ifier HS handset Q transistor
AT aftenvator HY  network, hybrid circuit
pad ' i R potentiometer
termination j; connector, receptacle, electricel resistor
B blower ?;zﬁonneﬂmg device RT lam‘p, resistance s
?Driz}r‘ receptacle {connector, stationary :Z::::::: :;;:;f; feguiahng
b ro porstion) thermistor
BT battery K | RV resistor, voltage sensitive
. reiay varistor, symmetrical
Cc capacitor
cB circuit breaker L coil {ail not classified as g switch
transformers) thermostat
cP adapter, cornector inductor
coupling (aperture, loop or probe} T transfor
junction {coaxial or waveguide} M clock srarmer
cR diod counter, electrical T8 strip, terminal
iode meler terminal board
rectifier 1 b
oscitlograp TC thermocouple
Ds clarm ascilloscope
indicator {excluding meter) recorder, elopsed time TP test point
register, message
E antenna strain gege U integrated circuit package
arrester, lightning thermometer
bimetallic strip timer, electric v cell, light-sensitive, photo-
cell, aluminum or electrolytic . h emissive
contact MK microphone electron tube
core, inductor MP frame
core, mestory gyrescope d cable
core, transformer interlock, mechanical cable assembly {with connectors)
Hall effect device mechanical part wire
insulater mounting {not electrical circuit, WT tiepoint, wiring
loop antenng not @ socket)
magnet, permanent port, misceilaneocus mechanical X fuseholder
part, miscelloneous electrical {bearing, coupling, geor, shaft) lamoholder
post, hinding part, structuro! socief
shield, electrical reed, vibration
terminal (individuol) tuning fork Y crystal unit, piezoelectric
F fuse MT transducer
transducer, mode
FL filter
P connector, plug, electrical
G chepper, electronic disconnecting device {connector,
generalor PIUQ}
ABBREVIATIONS
A ampere GE germanium N nano {107%) RF radic frequency
AC glternating current  GL gloss N/C normally closed RMS root-means-square
ALUM aluminum GND ground NE neon
AMPL. amplifier N/O normal by open sS-B slow-blaw
ASSY gssembly H henries NPO negotive positive SCR screw
HPF high-pass filter zero SE selenium
BP bondposs HR hour N3SR not separately SEC second
Mz hertz replaceable SECT section{s)
CAL calibration SEMICON semiconductor
CAR carbon IF intermediate 0sC osciltlatar Si silicon
CCW counterclockwise frequency QP operational SIL silver
CER ceramic INS insulation(ed) SL slide
CKT cireuwit INT internal PC printed circuit SOL solid
COMP composition PF picofarads SPL special
CRT cathode-ray tube K kile = 1000 10 farads
W clockwise PV peck inverse volt TA tantalum
LED light emitting voltege TGL toggle
48 decibel diode pg part of TOL tolerance
pC direct current LIN linear taper PPM parts per million TRIM trimmer
DET detector 1L.OG fegarithmic taper POLY pelystyrene
DVM digital veltmeter LPF low-pass filter POLYCARB poly carbonate 1 micro 107°
) - POS position(s) V' volt
ELECT electralytic M Milte 10 POT potentiometer VAR variable
ENCAP encapsulated MEG meg 10° P-P peak-to-peuk YDCW dec working volts
EXT external METFLM metal film vEo voltage controlled
MFR manufacturer ittat ‘
E {arads MINAT miniature RC resistor capacitor oscitiator
FET field effect MOM momentary network W/ with
transistor MTG mounting RECT rectifier w watts
FREQ fn"equency MYFLM “mylar’’ film REF reference Wy wirewound
FXD fixed w/C without
TABLE 6,1 LIST OF REFERENCE DESIGNATIONS AND ABBREVIATIONS



4210 SERIES FILTERS -

ELECTRONIC FILTER CARD

D41319

REFERENCE MANUFACTURER
DESIGNATION DESCRIPTION PART NUMBER| CODE PART NUMBER
Al
ARl Op Amp, LM310 816400018 36 | LM310H
AR2Z Op Amp, LM310 816400018} 36 | LM310H
AR3 Cp Amp, LM310 816400018f 36 | LM310H
AR4 Op Amp, LM310 816400018 36 | LM310H
ARS Cp Amp, LM310 8164000187 36 | LM310H
ARG Op Amp, LM310 816400018] 26 | LM310H
AR7 Op Amp A86092P1 31 ] A86092P1
ARS Op Amp AB6092P1 31 | AB6OS2ZPI
ARS Op Amp, LM310 816400018] 36 | LM210H
AR1D Op Amp A86092P1 31 { ABB092P1
AR11 Cp Amp ABGBQO9ZP1 31 | AB6092P1
AR12 Op Amp, LM310 816400018] 36 | LM310H
AR13 Cp Amp AB6092P1 31 | ABBDYZP!
AR14 Op Amp, LM310 816400018] 36 | LM310H
AR1S Op Amp, LM310 816400018; 36 | LM310Y
CAPACITORS
C1 2uF, 200V, x£10%, Myflm B11553013] 22 | 230B1C205K
c2 220pF, 500V, 5%, Mica - 8115810321 23 | DM15D2217
C3 L01uF, 500V, 220%, Cer 811570019| 48 | 5GAS-S10
Cc4 O1pF, 500V, £20%, Cer 811570019] 48 | SGAS-S10
C5s .0lpF, 500V, £20%, Cer 811570019 48 | 5GAS-S10
Co | . O01pF, 500V, £20%, Cer 811570019{ 48 | 5GAS-810
c7 L01uF, 500V, £20%, Cer 811570019 48 | 5GAS~-S10
C8 10pF, 500V, £5%, Mica 811581056] 23 | DM15D100T
C9 .9pF, 500V, Mica 811581038] 23 | DMLI5CO50D
C10 O01pF, 500V, £20%, Cer 811570019] 48 { 5GAS-310
Ctil .01luFP, 500V, 220%, Cer 811570019} 48 | 5GAS-810
Cl2 O01pF, 500V, £20%, Cer 811570019] 48 5GAS-S810
C13 LOIuF, 500V, £20%, Cer 8115700191 48 5GAS~S10
CR1 Diode, lLow Noise ABB003P! 26 ] FD300
CR2 Diode, lLow Noise AB6003P1 26 § FD300
CR3 Diode, Silicon BI8100003 IN4148
TABLE 6.2 REPLACEABLE PARTS 6 -3



4210 SERIES FILTERS - ELECTRONIC FILTER CARD D41319

REFERENCE MANUFACTURER
DESIGNATION DESCRIPTION PART NUMBER| CODE PART NUMBER
Al
L1 Ferrite Bead 8118000141151 11568
12 Ferrite Read 811800014 |51 {1568
13 Ferrite Bead 811800014} 51 {1568
1.4 Ferrite Bead 811800014 {51 [1568
TRANSISTORS
Q1 TSTR A86021P! |31 ]A86021P1
Q2 TSTR 818203904 2N3904
03 TSTR 818203906 2N3906
RESISTORS
R1 330 ohm, 1/4W, 5%, Comp 817007331 RCO07
R2 22M, 1/4W, 5%, Comp 817007226 RCO7
R3 22 ohm, 1/4W, 5%, Comp 817007220 RCO7
R4 825 ohm, 1/8W, 1%, Metflm 817210825 RNS55D
RS 909 ohm, 1/8W, 1%, Metflm 817210909 RN55D
R6 7.5K, 1/8W, 1%, Metflm 817211750 RN55D
R7 511 ohm, 1/8W, 1%, Metflm 817210511 RNS55D
RS 7.5K, 1/8W, 1%, Metflm 817211750 RN55D
R9 51.1 ohm, 1/8W, 1%, Metflm 817219511 RN55D
R10 464 ohm, 1/8W, 1%, Metflm 817210464 RN55D
R11 75 ohm, 1/8W, 1%, Metflm 817219750 RN55D
R12 10K, 1/8W, 1%, Metflm 817212100 RN55D
R13 200 ohm (POT) 817801018 29 l66WR200
R14 13.3K, 1/8W, 1%, Metflm 817212133 RN55D
R15 3.16X, 1/8W, 1%, Metflm 817211316 RN55D
R16 13.3K, 1/8W, 1%, Metflm 817212133 RNS5SD
R17 13,3K, 1/8W, 1%, Metfim 817212133 RN55D
R18§ 13.3K, 1/8W, 1%, Metflm 817212133 RN55D
R19 19.6K, 1/8W, 1%, Metflm 817212196 RN55D
R20 13.3K, 1/8W, 1%, Metflm 817212133 RN55D
R21 750 ochm, 1/8W, 1%, Metflm 817210750 RN55D
R22 13.3K, 1/8W, 1%, Metflm 817212133 RNS5D
R23 3.16K, 1/8W, 1%, Metflm 817211316 RNS5D
R24 3.16K, 1/8W, 1%, Metflm 817211316 RN55D
R25 1.78K, 1/8W, 1%, Metflm 817211178 RNS55D
TABLE 6.2 REPLACEABLE PARTS 6 - 4



4210 SERIES FILTERS -

ELECTRONIC FILTER CARD D41319

{continued)

REFERENCE MANUFACTURER
__DESIGNATION DESCRIPTION PART NUMBER] CODE PART NUMBER
Al RESISTORS {continued)
RZ26 1K (POT) 817801019 129 6EWRIK
R27 196 ohm, 1/8W, 1%, Metflm 817210196 RNS55D
R28 100 ohm, 1/4W, 5%, Comp 817007101 RCO7
R29 10K, 1/8W, 1%, Metflm 817212100 RN55D
R30 10K, 1/8W, 1%, Metflm 817261048 RN55D
R31 10K, 1/8W, 1%, Metfim 817261048 RNS55D
R32 1K (POT) 817801019 {29 G6WRIK
R33 150 ohm, 1/4W, 5%, Comp 817007151 RCO07
R34 5.11K, 1/8W, 1%, Metflm B17211511 RN55D
R35 150 ohm, 1/4W, 5%, Comp 817007151 RCO7
R36 150 ohm, 1/4W, 5%, Comp 817007151 RCO7
R37 150 ohm, 1/4W, 5%, Comp 817007151 RCO7
R38 150 ohm, 1/4W, 5%, Comp 817007151 RCO7
R39 150 ohm, 1/4W, 5%, Comp 817007151 RCO7
R40 150 ohm, 1/4W, 5%, Comp 817007151 RCO7
R41 150 ohm, 1/4W, 5%, Comp B17007151 RCO7
R42 150 ohm, 1/4W, 5%, Comp 817007151 RCG7
R44 1500M, 1/4W, 5%, Comp 817000015 RCO7
R45 1500M, 1/4W, 5%, Comp 817000015 RCO7
R46 1500M, 1/4W, 5%, Comp 817000015 RC07
R47 51.1K, 1/8W, 1%, Metflm 817212511 RNS55D
R48 4.22K, 1/8W, 1%, Metfim 817211422 RN55D
R49 128, 1/4W, 5%, Comp 817007123 RC07
R50 12K, 1/4W, 5%, Comp 817007123 RCG7
35 Switch DPDT BB88165P1 31 ‘BB8185P1
56 Switch B8B301P! 31 BBB301FPI
TABLE 6.2 REPLACEABLE PARTS



4210 SERIES FILTERS

POWER SUPPLY CARD

D413272

MANUFACTURER
TSEzFGRNEANﬁgN DESCRIPTION PART NUMBER]| CODE PART NUMBER
A2
AR1 Op Amp, LM301 AB6050P4 |36 LM301
AR2 Op Amp, LM301 A86050P4 |36 LM301
CAPACITORS
C1 500uF, 50V, -10% +75% Alum Elect |811530006 |48 39D507G050G14
c?2 500uF, 50V, -10% +75%,Alum Elect |811530006 {48 39D507G050G L4
C3 | L01uF, 500V, £20%, Cer 811570019 |48 5GAS-S10
C4 LO01uF, 500V, %20%, Cer 811570019 |48 5GAS-810
C5 46pF, 20V, Solid Ta 811501162 |48 150D476X9020R2
Cé6 46uF, 20V, Solid Ta 811501162 |48 150D476X9020R2
C7 100pF, 5%, Sil Mica 811581008 [17 CDISFD101J03
C8 100pF, 5%, 8il Mica 811581008 {17 CD15FD101j03
DIODES
CR1 Rectifier 818100007 IN4005
CR2 Rectifier 818100007 IN4005
CR3 Rectifier 818100007 IN40O0S
CR4 Rectifier 818100007 IN4005
CR5 Silicon 818100003 IN4148
CR6 Silicon 818100003 IN4148
CR7 Silicon 818100003 IN4148
CR8 Silicon 818100003 IN4148
CRSY Zener 10V, £10% 818150032 IN5340A
CR10 Zener 10V, #10% 818150032 INS5340A
CRI11 6.5V +1% 818150015 [46 | S76.5
CR12 Rectifier 818100007 IN4005
CR13 Rectifier 818100007 IN4005
TRANSISTORS
Q1 XSTR 818205717 2N5717
Q2 XSTR 818700025 135 MTJE800
Q3 XSTR 818203904 2N3904
Q4 XSTR 818205717 2N5717
TABLE 6.2 REPLACEABLE PARTS 6 -~ b



4210 SERIES FILTERS

POWER SUPPLY CARD D41322 {(continued)

REFERENCE MANUFACTURER
DESIGNATION DESCRIPTION PART NUMBER]| CcODE PART NHUMBER
A2 TRANSISTORS {continued)
05 XSTR B18700024 1! 35 MJE700
06 XSTR 818203906 2N3906
RESISTCRS
Ri 600 ohm, 3W, Wire wound 817002019
R4 630 ohm, 3W, Wire wound 817002016
R5 3.3 ohm, 1/4W, 5%, Carbon 817007339 RCO7
R6 3.3 ohm, 1/4W, 5%, Carbon 817007339 RCG7
R7 1,47, 1/8W, 1%, Metflm 817211147 RN55D
RB 7.50K, 1/8W, 1%, Metflm 817211750 RN55D
RY 6,19K, 1/8W, 1%, Metfim B17211610 RN55D
RIO 10.0K, 1/8W, 1%, Msatflm 817212100 RNS55D
R11 10,0k, 1/8W, 1%, Metflm 817212100 RNS55D
TABLE 6,2 REPLACEABLE PARTS 6 -7



4210 SERIES PILTERS

FRONT AND REAR PANELS

DESIGNATION DESCRIPTION PART NUMBER| CODE PART NUMBER

1 Rear Panel C31836G1
Fl Fuse (1/4A, Slo/blo) 815183014 9 MDL
i4 Connector, 5 Pin 81212300671 11 XTLR-5-31
5 Connector 8121200071 52 EAC-301
i7 Connector, BNC 8121301104% 19 30355-1
18 Connector, BNC 8121301101 19 30355-1
R100 Resistor, 47 ohm, 1/8W, 5% 817000027 RCRO5
57 Switch, Slide STE Circuit 815188006 2 MSS85340R
S8 Switch, Slide 2 pst 815188002 | 52 46206LFR
59 Switch, Slide 4P3 pos 8151880087 52 493311
T1 Transformer (Special) B88130P1 | 31 B88130P1
XF1 Fuse Holder 815182005 g HTL

2 Front Panel
S1 Resistor Switch C31445
82 Capacitor Switch C31453
S3 Resistor Switch C31446
54 Capacitor Switch - C31447

TABLE 6.2 REPLACEABLE PARTS 6 - 8



4210 SERIES FILTERS

CURRENT SOURCE CARD

B22087G1

REFERENCE ITHACO MANUF ACTURER
DESIGNATION DESCRIPTION PART NUMBER | CODE PART NUMBER
A3
AR1 Op Amp AB5092P2 |31 ABB0G2P2
AR2 Op Amp, 741 806400019 | 5 AD741
CAPACITORS
C1 1000pF, 500V, +5%, Mica 811581030 |23 PDM19D1027
C2 1000pF, 500V, £5%, Mica 811581030 |23 DM19D1027
RESISTORS
R1 1500M, 1/4wW, 20%, Comp 817000015 | 3 CR1582
R2 82K, 1/4W, 5%, Comp 817007823 RCO7
R3 82K, 1/4W, 5%, Comp 817007823 RCO7
R4 82K, 1/4W, 5%, Comp 817007823 RCO7
RS 10K, 1/4W, 5%, Comp 817007103 - RCO7
R6 50K, 10%, (PO 817801026 129 BEXREOK
R7 50K, 10%, (POT) 817801026 | 29 6HXR50K
RS 50K, 10%, (POT) 817801026 |29 BEXRS50K
RY 12, 1/4W, 5%, Comp 817007123 RCO7
1 Card, P.C,. BZ22087pP1
2 Terminal, BRif 812126001
3 Terminal 812126027
BT1 Battery 814000005 | 68 402783
BT2 Battery 814000005 | 68 402783
TABLE 8.2 REPLACEABLE PARTS
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(R
12
13
14
15
16
17
18

19
20
21
22
23
24
25

26
27

28

29
30

K}

32

33

34
35

36

37

38
39
40
41
42

43
44
45
46

48
49

Aerovox

Alco Electronic Prod
Altlen Bradley
Ampheno! Connector
Analog Devices

Beiden

Bourns

Buckeye Stamping
Bussman Mfg

Cambicn

Capnon, ITT
Centroiab

Cinch Mig

C & K Components
Continentei— Wirt Elec
Corcom

Cornel! Dubilier Elec
[oh B

Doge Electric

Delevan Electtenics
Dresser Systems
Electracube

Electro Motive Mfg
Electronics Applications
Erie Technological Products

Fairchield Semiconductor
Federol Screw Prod

General Electric

Helipot
Heymaon Mig

ITHACD
E F Johnson
Litranix

Marca~Quak Industries
Motarolo Semiconductor Prod

Mationet Semiconductor
Ohmite Mfg

Paktron

Panduit

Pomone Electronics
Product Components
nybfilm

RCL Electronics
Rembrandt
Rogan

Schauer Mig

M M Smith

Sprague Electric
Spectrol Electronics
Stancor

TABLE 6.3

CODE LIST OF MANUFACTURERS

St
52

53
54
535
56
57

58
59

&0

41

62
63
64
65
&6
67
68
469
70

71
72
73
74
75
76
77
78
79
8C

81
82

84
85
86
87
88

89"

90
91
92
93
94
95
96
97
98
99
100
0
102
103

D M Steward Mig
Switchcraft

Teledyne Semiconductor
Teledyne Western Wire and Cable
Texuas Instruments

Thermalloy

TRW

United Transformer
Useco

Yactes

Winchester Electronic

Vishoy

ACI

IRC

EAL

AMP

Clarostat Mig

Gould Inc

Littlefuse Inc
Genercl lfumination

Signetrics
Semiconductor Cir
Stotek

Bendix

Burndy

American Hondle Sales
Vare Semiconductor
Dialco

Elmenco

Amp lncorporated

Berg

Comp Corp
Hewlett~Packard
Beckman Helipot
Raytheon

intersii

AH&H

ADC Products
Scaonbe

Dfﬂke

Yictoreen

Frost

Sigme

Becon
Microswitch
Wavetek
Electronic Concepts
Ameleo

Mepco

RCA

Circuit Assm Corp
Monsunto
Ainsley

CODE LIST OF MANUFACTURERS
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FILTER CARD ASSEMBLY

4210 SERIES

FIGURE 7.1

iTH DWG D41319, SH 1, REV K, 10/78






