Section 17 WOW & FLUTTER/RUMBLE CARD

PCB 7701
17.1 Introduction

This card contains all the circuitry to measure rumble, Wow & Flutter, and
F.I.M., to a variety of international standards. On-hoard switches are
provided to set up the board to the desired standards. Once the switches are
set, the MJIS4@1D automatically performs W & F or rumhle measurements to the
selected standard when the appropriate front panel buttons are pressed. All
the measurement standards provided on the hoard may he selected wunder IEEE-
-dg2 bus control.

Figure 17.1.1 shows a block diagram of the wow and flutter/rumble card.
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Figure 17.1.1 Wow and Flutter/Rumkle Card - Block Diagram
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17.2 Circuit Description — Fumble Measurement Section

17.2.1 Filtering

The rumkle signal enters the card via PL1 pin 4 from the gain chain output,
goes via voltage follower IC1/3,2,1, and is delivered via Cl, R34 and VRl to
amplifier IC2/12,13,1id. The gyratoer IC2/1@,7,2 and associated components
serve to sharpen the low frequency (1@ Hz) corner of the rumble measurement
bandwidth, by slightly peaking amplifier IC2/12,13,1d response at 18 Hz. The
low freguency response in the unweighted rumkle mode is defivned hy C1, K1, VR1
and RZ, with R34 providing & low frequency roll off .limit of -1d dB at 2 Hz.
Second order low pass filter IC2/3,2,1 provides the upper frequency limit of
both weighted and unweighted rumble filter measurement, with a turnover
fregquency of 315 Hz. The output of IC2/3,2,1 feeds the unweighted rumkle
output (10 Hz-31% Hz) via €9, Rid, and analogue switch IC3 to pin 2 of
inverting amplifier IC4. ICZ output (pin 1) also feeds a high pass filter
1C2/5,6,7, with a turnover frequency of 315 Hz, to provide a handpass
{weighted) rumble response at IC2/7. This is also fed to inverting amplifier
IC4, via C1@, R13, and analogue switch IC3.

The weighted/unweighted rumhle filter selection is selected via ICE pin & and
7, from hinary-to-1-of-& decoder IC1Z.

17.2.2 Signal Rectifier

IC4 output feeds a full wave signal rectifier, comprising Fié&, R17, DI and
IC4/5,6,7. Positive half cycles force ICd output close to the negative rail,
reverse hiassing D2, therefore positive half cycles pass through Ri1é and R17
with no attenuation. Negative half cycles cause ICd pin 7 to go positive,
forward biassing D3 and effectively causing Ri&, R17, DZ and ICd4/5,6,7 to act
as an inverting amplifier for negative-going input half cycles. This
arrangement produces a full wave rectified signal at the F17/D2 cathode
junction. ICS forms the active part of the low pass filter, with a choice of
two CR networks, selected by analogue switch IC1Z. To simulate "VUI Meter"
type ballistics, ICIS pin 14 is "made" to pin 12, selecting network RE93, R9&,
C37 and C52, With ICI18 pin 1d made to pin 13, network R12, F19, C12 and CI13
is selected to provide for BS 42352 requirements. The rumhle output is fed via
FZ@ to PLE pin &, and from there to the rumble multiplexed input on the signal
rectifier card. D3 limits the output to +12 V maximum, and VR4 is adjusted to
null the total offset due to IC4/3,2,1, ICd/5,&,7 and ICE.
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17.3 Circuit Description - Wow & Flutter/F.I.M. Section

17.3.1 Input Signal Filtering

The 3 kHz or 3.15 kHz signal from the equipment under test is hrought into
the card via PLL pin 3, direct from the input amplifier. Ci1d-17, RZ1-2d,
IC1/5,6,7 and IC1/12,13,14 form a fourth order high pass filter with a
turnover fregquency of 2 kHz, in order to exclude any interference from any
signal helow 3 kHz. IC1/1@,9,2, R25, R2&, C12 and C19 form & second order low
pass filter with a turnover freguency of 4 kHz, in order to filter out signals
significantly above 3,15 kHz. :

17.3.2 Signal Limiter

The signal firom IC1 output (pin &) is fed through €20 and R2E to the input of
amplifier IC&/12,13,1d4, Dd, R3I3, R0 and €24 form a half wave rectifier/-
gquasi-peak detector circuit to feed an increasing positive voltage to TRi
gate, as the a.c. voltage at IC& pin 14 increases. This has the effect of
reducing the dynamic resistance of TR1, increasing the signal attenuation of
the attenuator R2Z/TE1 as the amplitude of the a.c. signal at ICé pin 1d
rises. This produces a signal amplitude stakilising circuit which provides an
almost constant signal level of approximately 1 V peak at IC7/14 (via C2ZZ and
R32), for signal levels of -Z@ dBu to +d@ dBu applied to the MJS4@1D’s input.
The MJSd@1iD’s input amplifiers are set to 4@ 4B attenuation with 20 4B gain
when Wow and Flutter is selected. Voltage follower IC&/10,9,2 supplies a
buffered version of the d.c. at TRl gate for low input signal level detection.

17.2.3 Phase Locked Loop

IC7 is configured as a phase locked loop, whose own voltage controlled
oscillator tracks the incoming signal frequency at pin 14, The d.c. control
voltage to the internal V.C.0. is buffered internally by an NMOS source
follower, and is taken from pin 10 on IC7 via VRI and Rd43, to inverting
amplifier IC9/%5,&6,7. The internal V.C.0. control voltage provides a voltage
representation of the change of V.C.0. frequency required to track a change of
input signal frequency. The varying voltage at pin 10 therefore represents
the varying freguency (pitch) of the 3 kHz or 3.15 kHz signal from the unit
under test. Wow and Flutter measurements are specified (approximately) as the
ratio of the peak signal frequency variation to the test frequewncy, and
specified as a percentage. The phase locked loop supplies a constant voltage/-—
Hz frequency change, so in order to keep the ratio of freguency deviation to
centre frequency constant, ICZ shorts out R4@ of the series resistors R39 and
Fd@, which raises the value of volts/Hz at pin by 5% when 3.15 kHz test signal
frequency is used instead of I kH=z.

Faising the test freguency select control voltage to select 3.1% kHz (ICL1 pin
2) also raises the voltage at IC7 pin 12 slightly, to increase IC7 oscillator
frequency.

IC7 oscillator capacitor is €25, and the phase locked loop low pass filter
comprises R3S and C2&, The V.C.0, sgquare wave output at pin 2 is taken to the
MIS4@1D microcomputer board via €27 and PL3 pin 1,in order to perform drift
measurement. IC2 supplies a regulated +15v to IC7.

The phase lock loop enahkle circuit comprises TRI, TR4, Rdil, DS and DiZ. With
the voltage at TRI gate from IC1! pin 7 low, the P.L.L. is disakled. IC7

-
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inkibit pin 2 is held by Rdl, and source follower TRd cuts off the source
current from IC7's source follower output (pin 18), by taking the voltage
across RdZ high, and reverse biassing DS. IC3/5,6,7 ocutput (pin 7) is
effectively a voltage follower whose output voltage is set by voltage divider
Fdd and R4S to approximately &.5 V. This is similar to the voltage level at
IC7/18 when IC7 is operating, and therefore provides a means of inhikiting IC7
without a large voltage transient appearing at IC? pin 7 when the P.L.L. 1is

enakled or inhibited.
VEZ is used to set the voltage excursion at ICY pin 7 to a known value

corresponding to a known frequency deviation. €29 forms a low pass filter to
reduce the & kHz or &.3 kHz content of the voltage at IC9 pin 7.

17.7.4 W & F Weighting Filters

IC9 pin 7 feeds the inputs of two alternative Wow and Flutter fﬁlters, plus an
F.I1.M. filter.

The "unweighted" Wow and Flutter filter comprises Rd47, R43, €38, C31, IC&/3Z,
2, 1 and R4?, RS@, C32z, C33, IC9/13,12,1d4. This forms a fifth order low pass
filter with a flat response to 808 Hz turnover frequency (the fifth section
comprises Rd&/C29). The output of the 208 Hz low pass filter at IC? pin 14 is
taken to a weighting filter, comprising C35, C3&, RS2, R91, 1C9/10,7,% and
C3%, R3S, RS&, Cd0 with amplifier stage IC9/3,Z,1 and resistors R37 and E35S.
This arrangement adds a weighting filter with a handpass characteristic, to
the Wow and Flutter voltage filtering chain. The handpass filter has third
order highpass and first order lowpass sections, peaking at unity gain at

d4 Hz.

A further highpass second order filter for F.I.M. measurement, with turnover
fregquency of 15% Hz, is connected to IC? output (pin 14). This comprises C37,
C3g, R33, RS54, IC9/5,6,7, C42 and ReO.

17.3.5 Weighting Filter Selection

Analogue switch IC1@ selects one the outputs from the three filters described
earlier, according to which output of IC1Z (D, E or F) is low. The
"unweighted" filter output (IC%/14) is a.c. coupled via C3d and filtered again
by first order section RS1, RIO® and C60 (to give a turnover frequency of

208 Hz), and applied to ICI0B/d4. The “"unweighted” Wow and Flutter signal is
selected by IC18/9 (D) going low. The output of the "weighted" W & F signal
is coupled by Cd4i and RS? to IC1@/15, and selected hy a low logic level on
IC12/18 (E). The output of the "F.I.M" filter (IC3/7) is coupled via Cd2Z and
F&B into IC1B/14. It is selected by a "low" logic level on IC1B/11 (F).

17.3.6 Wow and Flutter Gain Chain

The selected W & F or F.I.M. signal is fed by ICI@ (pins 2, 5 and 12) to the
inverting input of IC1d4. An output is taken to the MISBABID gain chain from
IC1d4 output via RL1 for ‘'scope monitoring. Following ICld4 are three identical
gain stages, IC1d/5,6,7, I1C14/3,2,1, ICi2/3,2,1, and the three sections of
analogue switch IC1S.

The feedback resistor R71 of IC1d/5,6,7 has R72 switched in parallel with it

by IC15/d and 5. The value of the parallel pair R71 and R72 equals the value
of F70, and thus the stage has unity gain. If the Ingic level on ICIS/% goes

Wow & Flutter/Rumkle Card Circuit Description P Page 5 Sect. 17.3



high, R7Z is effectively removed from the parallel combination of R72 and R71,
and the stage gain increases from unity to +d@ dB. Exactly the same mode of
operation applies to the second and third stages, except that the second stage
gain increases from @ dB to +2@ 4B, and the third stage gain increases from

@ dB to +1@ dE. ’

Thus the comhived gain can he set hetween @ dB and +78 dB gain in 1@ dB steps
by the combination of logic levels on IC1S control pins 9, 10 and 11. Only
the range @ dB to +d@ dB is actually used.

The three IC1S logic control pins are driven by the MJS4@1D microcomputer via
PL1 pins &, & and 7 via and gate IC13. The gain is set at minimum unless IC11
pin 7 is high.

17.3.7 Wow & Flutter Rectifier

The output of the third stage in the gain chain, IC1&6/1, is coupled to the
rectifier/peak detector circuit, IC17 and IC1&/5,6,7, either directly or via
C&1. The high pass filter C&1/R79 is required for N.A.B./J.I.5. standard
measurements, having a turnover point of 8.5 Hz. For I.E.C. standard
measurements, the high pass filter is not required, and C&l is hypassed by the
opto-coupled F.E.T., ICZ2@0. This happens when current flows in the L.E.D. of
1C2@, due a logic high applied to TRS gate, turning it on. The logic line
starting at conmector PL3 pin Z, from the MJISJ4OID microcomputer, is taken high
(+5 V) for I.E.C. standard measurements.

A unity gain inverting amplifier (IC16/%5,6,7, R7% and R30) provides two egual
amplitude kut antiphase signals to peak detectors IC17, D9 and DiO.

With the N.A.B, standard selected (PL3 pin 2 low), TRS is off and IC1S pin 9
is high. The output from the peak detectors (D3, DI@ cathodes) is taken from
pin 4 to pin 3, and via potential divider and second order lowpass network
93, RE2, R27, €59, R29 and €50, via pins 1 and 15 of ICIS, to ICL19
non—inverting input, pin 3, (ICLE pin 1@ is also high.) Since TRZ is turned
off, IC19 is a voltage follower, forming the active part of a second order
lowpass filter.

The output of IC19 is taken to the "W & F" input of the signal rectifier card
via FZ& and PL1 pin S, with D11 limiting the peak output voltage to 1Z V.

With the I.E.C. standard selected, ICIZ pin 9 is low (TRS turned on) and the
peak detectors? output routed to wetwork FZ, R332, R23 and Cd49, which forms a
composite voltage divider and peak catching circuit. The output of the
voltage divider is routed hy ICI2 pins 2 and 15 to IC1? non-inverting input.
(IC1S pin 1@ is low.) TRZ is turned on, and the resistors RSd and RSS set the
gain of the output stage comprising R34, R25 and IC19.

17.%3.8 Logic Control Circuitry

The on-hoard switches are set hy the user, according to the measurement
standards required for both rumble and W & F measurements. The switch
settings are "polled" hy the MIS4@1D microcomputer testing the logic level at
PLZ pins 7 and 2. In the case of rumble measurements, the switch settings
decide whether the I.E.C. or B.5. standard "hallistics" apply, and in the case
of W & F measurement, switch settings determine 3 kHz or 3.15 kHz test tone
frequency, and I.E.C. or N.A.B. "hallistics".

-
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The connections to the microcomputer are used twice to set up the card, once
with data from PLE pin 2 and PL1 pins &, 7 and & latched across by a stroke
pulse on PL3 pin 4, and again directly.

The logic levels applied to the card via SKT1/&, 7 and & and SKTZ/Z, from the
microcomputer, are used twice. The first time, a positive stroke pulse on
SETZ/4 latches the data into guad "D"-type flip-flop IC11. Once this is done,
the data on the four lines may be changed, and are used to set up the gains of
amplifiers ICld, 15 and 1&, and select I.E.C./N.A.B. standards for wow and
flutter measurements.

The card function is defined by the latched (in ICil1) versions of the data
applied to SKT1/6, 7 and 2. The data is transferred to IC11 "@" outputs, pins
7, 10 and 1S on the rising edge of the strohe pulse at ICi1/9.

These outputs of IC11 are applied to decoder IC1Z inputs, pins 3, 2 and 1.
The decoded output of IC1Z goes low to emakle the appropriate function. The
following takle gives the selected card function:

MSE LSB
8KT1/6&  SET1/2  BKT1/7 IC12

1C11/7 IC¢11/71@ IC11/15 Output Function
IC12/3 IC12/2 ICi2/1 Pin Selected

a 2 2 15 Microcomputer reads SW1 2-5 via SKTZ/7

@ 2 1 14 Unweighted Rumble

o 1 o 13 Weighted Rumhble

@ 1 1 iz Microcomputer reads SW1 3-4 via SKT3/7

i (] @ i1 Unweighted wow and flutter

1 @ 1 10 Weighted wow and flutter

1 1 (] 9 FIM (Frequency Intermodulation Distortion)
1 1 1 7 Not used

All the wow and flutter and FIM functions are selected when the most
significant hit of IC12 (pin 7) is high. This enakles the phase-locked loop
IC7 via TRE, enahles the gain setting of ICld, 15 and 1&, and enahbles FEL1 via
the NOT @& output, IC12/6. When the Fumble functions are selected, the MS hit
is low, thus disabling the phase-locked loop and setting the wow and flutter
gain chain to minimum gain.

The remaining logic level latched in ICi11 is used to set the wow and flutter
centre fregquency at either 3.0@0 kHz or 3.1% kHz, and is taken to IC3/11 and
R332 from IC11/Z.

Ornce a wow and flutter or FIM function is selected (I11/7 high) the gain of
the gain chain IC1d-1& can he set by subsequent logic levels on SKTiI/&, 7 and
2 via three of the AND gates within ICIZ. The logic levels set the wow and
flutter signal by & combhination of 48 dB, 20 4B and 1@ dB steps as shown in
the table helow: '
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17.4 Eemoval/Feplacement

Switch off the MJS4@1D and remove the mains lead.

Femove the four screws retaining the top cover. Pull the top cover straight
U

With the instrument facing you, the Wow and Flutter/Rumkle card is installed
in the 3rd slot from the left in the main card frame. Verify by noting the
printing on the motherhoard.
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MJSdB1iD PCEB Location Guide

Femove the card'by grasping the top corners and gently pulling up.

Feplacement is the opposite of removal. Carefully line up the connmectors
kefore pushing down and ensure the card 1s properly held within the guides.

Extender card PCE 75036 may be used to facilitate repair and calibration.
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17.5 Fault Finding

17.5.1 No Qutput when Eumble Selected

Apply 315 Hz to the MJS4@1D input and trace it through ICL/1, ICZ/14, ICZ2/1,
and IC2/7 (in that order).

Check that one and only one of IC3 pins 9 and 1@ is low. If not, suspect IC11
and IC1Z, If it is, check ICd4/1. If no signal present, replace ICd. If
signal present, check for full-wave rectified signal at DZ cathode, and the
presence of a d.c. signal at D3 cathode, equivalent to.the average of the
rectified signal at DZ cathode. If the signal is not present, suspect the
preceeding circuitry.

17.5.2 Rumble Measurement Filter Characteristic Incorrect

Check that the appropriate filter characteristic has been selected, by
checking IC3 logic levels. Low on IC3/9 = Unweighted rumble; low on ICE/1Q =
Weighted rumble.

17.5.% Eumble Measurement Gain Incorrect

Check VR1 setting.
Check filter characteristic. The "Unweighted" filter has unity-gain hetween

1@ Hz and 215 Hzy the "Weighted" filter has unity gain at 315 Hz, falling at
either side.

17.%.4 WRF Fault Finding - General

The aim of the wow and flutter measurement system is to measure the amount of
fregquency modulation of a signal at the chosen centre frequency. To test the
system, then, it is necessary to generate a carrier signal of 3.15 kHz or
2.00 kHz, frequency-modulated at a rate between 8.1 Hz and &£38 Hz. The level
of the carrier should he at least 100 mVY. The wow and flutter reading is
proportional to the depth of frequency modulation of the carrier.

17.5%.5 No Qutput when WRF Selected

Check SW1 settings. Check +5 V present on IC7/1&6., Check +3 V and -13 V
supplies present on IC1@. Check appropriate circuitry is enabled, especially
that IC12/3 is high, when W&F is selected. Check logic levels at ICIZ are
correct to the table in the Circuit Description section. If not, check or
replace IC11 and/or IC1Z.

Check correct functioning of input signal limiter. There should be approx.

1 V peak-peak sive wave present at TP2 for signal levels at the MJIS4@1D input
from 182 mV to 180 V EMS. If no signal present, or signal heavily distorted
or low level, check IC1, IC&, TRl and assocciated components.

Note that theve is an attenuation of 28 dB introduced by the input module, so
the signal appearing at the WAF card input will be 20 dB helow that appearing
at the MJS4@1D input. '

Check operation of phase-locked loop IC7. There should he a square wave at

the chosen centre freguency (3.88 kHz or 3.1% kHz) and 1% V peak-peak at
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1774,

Check for presence of W&F signal at IC7/1@. This will he heavily contaminated
by a sawtooth waveform at twice the centre frequency (6.00 kHz or &.3 kHz).
Follow the signal through the filters IC& and IC%. Check ICI10 pins 9 or 10
high (according to whether Weighted or Unweighted selected). Follow the
signal through the gain chain (ICi1d, ICIS, IC1&), rectifier (ICLé& and IC17),
and filter IC19. '

17.5.6 WAF Fange or Gain Incorrect

Check for correct operation of circuit elements as described under "No Cutput®
akove.

Check logic levels of amplifier gain switches (ICid4, 15, 16) against table
given in the Circuit Description. ‘

Check that the correct filter has been selected. Check that the response of
the filter is approximately correct.

=
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17.6 Calikration

17.6.1 Equipment Needed

Fregquency-modulated signal generator, capahble of genmerating a carrier
frequency of 2.1% kHz or 3.08 kHz, fregquency-modulated to a depth variahle
between 18 % and @.1 %, at a modulation rate from @.1 Hz to 20@ H:z.
Alternatively, a function generator with a linear "sweep" or "VCO" input, and
another function generator or very-low-freguency generator (0.1 Hz to 200 Hz)
to frequency-modulate the first. Ensure that the "Sweep" or "VCO" input is
D.C. coupled. If not, the low modulating frequencies will he attenuated, and
incorrect calibration will result. '

MJS481D with MD4@dE.
Digital voltmeter, 3 1/2 digits or hetter, with 200 mV and 20 V D.C. ranges.
Extender card PCEB 73@36.

17.6.2 Rumble Calibration

MJS4@1D Front Panel Setup

Input Load Function Wtd/Linwtd FRectifier Scale Dist’n Coarse Fine
A Cin Fumble Weighted e dB Norm --- (] ]

There should be no input to the MIS401D. Conmect the DVM to the "Rumbkle"
output on the extender card, with the return on the "@ V" strap.

Adjust VRd for @ mV 10 mV.
MIS4@1D Front Panel Setup

Input Load Function Wtd/Linwtd FRectifier Scale Dist’'n Coarse Fine
A off Level === S== dB Norm -——- (] (]

Cormect the MD4@4ER output to the MISL@ID input A. Set the MDA@4E for a
reading of exactly @ dBu at exactly 315 Hz.

MJS4@1D Front Panel Setup

Input Load Function Wtd/Unwtd Fectifier Scale Dist’n Coarse Fine
A Off  Rumble  Weighted === dB Norm -——- (] 2

Adjust VR1 for no change in meter reading.

The fregquency response of the rumhle system may now ke checked. Weighted, the
response should fall either side of 315 Hz, heing -15 dB at 18@ Hz and 1 kHz,
and -27 dB at S@ Hz and 2 kHz. Unweighted, the response should he flat
between 18 Hz and 315 Hz, falling to -1d4 dB at 2 Hz, -15 dBE at 1 kHz and

-27 dB at 2 kHz.

17.6.%3 Wow _and Flutter Calikiration

Connect the MDA@dAE autput to input A of the MISJB1D.

-
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MJS4@1D Front Panel Setup

Input Load Function Filters Rectifier Scale Dist’n Coarse Fine
A Off Level off = dB Norm --—- ] 2

Measure the voltage at IC9 pin 1d. Log the result.

Select the "W & F, Drift" function on the MJIS4@1D. The display should show
"-@.00% DREFT" or "+@.00% DRFT". Measure the voltage on ICY pin 14 again.
Adjust VEZ for the same value as previously logged.

Conmnect the output of the FM signal generator to input A of the MJISd@1D. Set
the generator to give an output of about 1 V, sine wave, at 3.15 kHz (or

3.8@0 kHz if you normally use that centre frequency), freguency modulated at

4 Hz to a depth of 1.00 % peak (0.707 % EMS).

The display should show a drift reading of nearly @, though the reading will
not he constant. If the reading is nearly *5 %, the centre frequency DIL
switch of the wow and flutter card is probhakly not set correctly.

MJS4@1D Front Panel Setup

Input load Function Filters WTD/UNWTD Scale Dist’n Coarse Fine
A off W&F off WTD dB Norm 1 % 2 . 0

Adjust VRZI for a reading of 1 % (if the IEC/DIN/BS/CCIE standard is selected)
or @.71 % (if the NAB/JIS standard is selected).

The frequency responses of the different characteristics may now he checked.
In the following paragraphs, results are given in dB relative to the d Hz
weighted value, which may be 1 % or B.71 %, according to the rectifier
characteristic selected on the wow and flutter card. Hence -3 dB is either
.71 % or @.5% respectively, etc.

Wow and flutter, weighted, to either rectifier characteristic, should he at a
peak at d Hz, falling to -12 dB at 8.0 Hz and &3 Hz.

Wow and flutter, unweighted, to IEC/DIN/BS/CCIR, should he -3 4B at 20@ Hz,
and within -3 dB at 8.1 Hz. To NAR/JIS, it should be -3 dB at 200 Hz, and the
peak reading at @.5 Hz should he -3 dB.

FIM, if selectahle on your MIS4@01D, should be -3 dBR at 160 Hz and 20@ Hz with
respect to the value at 4@0@ Hz. The reading at d@@ Hz should he 1 % for a
peak frequency deviation of *1 %, centred on 3 kHz.

FIM is not normaily selectable from the front panel of the MJIS4@iD. It can he
made selectahle by a simple change to one of the EPROMS. Contact your agent
or dealer for details. It is always selectakle over the IEEE-d432 bus; the

syntax is:

FIM
or Function FIM

See the ITEEE-d422 instruction manual (Part 3~of this manuwal) for fuller details
of IEEE~-dad control of the MIS4BID and MDdDdB.
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PROJECTION : —} | DONOT SCALE | IF IN DOUBT ASK ____REVISION
VOLTAGES ON RUMBLE SECTION MEASURED WITH TEST SET SET TO RUMBLE FUNCTION, WEIGHTED OR UNWEIGHTED, O dB RANGE, WITH O dBu (775 mV) SINE WAVE AT 315 Hz AT TEST SET INPUT. NO | DATE | CHANGE APPROVED,

VOLTAGES ON WOW AND FLUTTER SECTION MEASURED WITH TEST SET SET TO W&F FUNCTION, WFIGHTEN OR UNWEIGHTEN, WITH OSCILLATOR CONNECTED TO TEST SET INPUT, AND O dBu (775mV) OSC LEVEL.
REPRESENT D.C. VOLTAGES MEASURED WITH VOLTMETER OF INPUT RESISTANCE 500 KQ OR GREATER, UNDER THE CONDITIONS STATED ABOVE.
1€ FOLLOWING IC PINS SHOULD HAVE ONLY AN OFFSET VOLTAGE (+50 mV DC) ON THEM: IC1/1, IC 2/14, 1C 2/8, 1C2/1, IC2/7, 1T L/, IC4/7, IC1/7, IC 1/14, IC1/8, IC 6/14, IC9/8, IC9/1, 1C9/7, IC16/8, IC /7, IC1L/1, IC 16/1. cs?
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