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The table below lists other publications which may be of intere

st to the readers of this manual,

Unless otherwise indicated by title or footnote, all are maintenance handbooks.
tenance handbooks directly applicable to a particular system are normally supplied with the sys-
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Handbook of Analog Computation

Basics of Parallel Hybrid Computation
580 Reference Handbook

580 Console Components Manual
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580/680 Digital Voltmeter, Model 26. 268

TR20/TR48 Repetitive Operation Display Units,
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0001-3
0016-0
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NOTICE

In order to enable us to process your requests for spare parts and replacement items quickly
and efficiently, we request your conformance with the following procedure:

1. Please specify the type number and serial number of
the basic unit as well as the EAI part number and de-
scription of the part when inquiring about replacement
items such as potentiometer assemblies or cups, re-
lays, transformers, precision resistors, etc.

2. When inquiring about items as servo multipliers, re-
solvers, networks, printed circuit assemblies, ete,,
please specify the serial numbers of the major equip-
ment with which the units are to be used, such as:
Console, Type 8811, Memory Module, Type 4. 204,
Serial No. 000, etc. If at all possible, please in-
clude the purchase order or the EAI project number
under which the equipment was originally procured.

Your cooperation in supplying the required information will speed the processing of your requests
and aid in assuring that the correct items are supplied.

It is the policy of Electronic Associates, Inc. to supply equipment patterned as closely as possi-
ble to the vequirements of the individual customer. This is accomplished, without incurring the
prohibitive costs of custom design, by substituting new components, modifying standavd com-
ponents, etc., wherever necessary to expedite conformance with requivements., As a result,
this instruction manual, which has been written to cover standavd equipment, may not entively
concuy in its content with the equipment supplied. It is felt, however, that a technically quali-
Jied person will find the manual a fully adequate guide in undevstanding, operating, and main-
taining the equipment actually supplied.

Electronic Associates, Inc. reserves
the right to make changes in design,
or to make additions to or improve-
ments in its product without imposing
any obligation upon itself to install
them on products previously manufac-
tured,
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SECTION 1

LINEAR COMPONENTS

CHAPTER 1

DUAL DC AMPLIFIER 6. 614-1

1.1 INTRODUCTION

The Dual DC Amplifier Tray, Model 6.614-1 (Figure 1.1) is installed in the positions shown in
Figure 1.2. The tray contains two etched-circuit boards; one contains two independent high-gain
amplifiers, the other contains two independent precision resistor networks which provide input
and feedback components for the two amplifiers. These amplifiers are transistorized and de-
signed for optimum stability and frequency response. Each amplifier may be used in conjunc-
tion with its provided network to perform linear computations such as summation, integration,
and multiplication by a constant. Accessory components allow use of the amplifier for operations
such as multiplication and division of variables and the generation of analytic or arbitrary func-

tions.

AMPLIFIER CARD 6,615 AMPLIFIER NETWORK 12,898

Figure 1.1. Dual DC Amplifier, Model 0.6.0614-1

1-1-1
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CHAPTER 1 DUAL DC AMPLIFIER
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F-igu're 1.2. Location of Dual DC Amplifiers
1.2 TECHNICAL DATA

The following specifications refer to the complete 6.614-1 Dual DC Amplifier when operated in
the computer.

Offset

Unity-Gain Inverter .........c.cceeveiiiiiiinnnnaa..,. 20 Microvolts, Maximum

Noise

F HBandWidth.......-.--......---o--""""“"'
] -+ 1.5 Microvolts, Peak-to-Peak

Low Frequency Gain

IOHZ ---....o-na-----|-uoll-'-‘---'---..c----as--p. asdh

BOOBZ . srsvieoneshsivn st 086 8dns et anan o st ns s pnsins

80 db

B00DHE ..vvvveessnnnnsssssnsnssniniinaniiii | g 6 o

Frequency Response (3 db) for Unit Gain Inverter
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1.3 OPERATING CONSIDERATIONS

The data in this paragraph is general operating information. The maintenance personnel should
be familiar with this material to assist in rapidly isolating amplifier troubles and to eliminate
causes of apparent faults due to improper amplifier usage.

1.3.1 Amplifier Balancing

The amplifiers should be periodically balanced to assure computer accuracy. Under normal
circumstances, the amplifier will remain balanced for periods of weeks. However, at intervals
it is desirable to check this condition, and if an amplifier is found to be unbalanced, then an ad-
justment should be . The period between balance checks depends to a large extent on the
application of the ampl ifier. For uses which might be unusually sensitive to amplifier unbalance,
maulm:emnee peraﬁnn@l should recognize the fact that most amplifier and network malfunctions

can b& detected hy ehe'_jf_‘f ing amplifier balance. Consequently, it is recommended that a check of
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ight; after a few
lamps light;
When power is initially applied to the computer, all of the overload

- ; hen switching
tarily flicker w
seconds all of the lamps should go out. The lamps may also momen

from set pot Lo some other computer mode,
1.3.2 Amplifier Patching

m=-ga an p al]d the dual I ESIStOI !lEtWOI kS
Ot t]le duai 1111 g mn 1 hfiet‘S
I and arr a“ged fOI patchl“g ease. Ihe ]lOIl—lllleaI COlllp()llenIS

i d short patch cord runs
are also located in close proximity to the amplifiers for ease of patching an
or use of bottle plugs,

i i W rack/store network,
Patching, when using an amplifier in conjunction with an integrator network, t /'t in
ibing th units.
or one of the non-linear components, is covered in the chapters describing these

ifi i i i ith a resistor
section is therefore limited to the description of an amplifier used in conjunction w
network.

Figure 1. 3a illustrates two of the more common amplifier patching arrangements. The upper

mplifier makes use of the standard 4-connector bottle plug and provides a summing circuit as
a - ‘

hown schematically in Figure 1.3b. This configuration has two gain-of-one and two gain-of-
s
ten inputs for summing, inversion, or multiplication,

The lower amplifier of Figure 1.3a is shown patched for one gain-of-one and three gain-of-one
e low

The simplified schematic of the configura-

the RJ terminals of different amplifier resistor
networks together, additional inputs are made sailiale,

tenth inputs by using two, 2-connector bottle plugs,

tion is shown in Figure 1.3c. By connecting

as shown in Figure 1. 3d.

A eviously indicated, these are only two of many possible amplifier configurations, An im-
s pr ’

(unassigned) for
Failure to Provide a feedback

S0on as the computer is switched

t point to note is that all amplifiers, whether used (assigned) Oor unused
portaltl' plm‘ problem solution, st be provded with featiaes,
icu bl
a par.t for an amplifier will cause that amplifier to overload ag
circui

to any mode other than SP.

he de operational amplifiers are rated for normal linear Operationa] gyt
The dec
hus the amplifier patching arrangements, regardlesg of the appl
mum. T i
u tput level does not exceed either plus or minus 10 volts,
that the ou

Puts of +10 volts maxi-
ication, should be such

€ amplifierg are capable
5.)

(Th
f slightly higher linear outputs to allow for minor scaling discrepancie
of s -
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— : 100K 100K
4 CONNECTOR =
BOTTLE PLUG _| RY ‘,.‘_‘
CAN BE USED | ;- @™ o\
IN THIS AREA
Q) O
1 _.OIFO
10O O
. O . O () Simplified Schematic (Gain of 1 and 10)
@ AP
2 CONNECTOR QO o0 s 100K 10K
BOTTLE PLUGS — .
'CAN BE USED' 'O | O
IN THESE AREAS : O%/E]O
= o
LoaTe
' 1O O |
| DUAL AMPLIFIER
O i e B (c) Simplified Schematic (Gain of 0.1 and 1)

(@) Pre-Patch Panel Configuration A
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1.4 THEORY OF OPERATION

1.4.1 Basic Block Diagram

The Model 6.614-1 Dual DC Amplifier consists of a 12.898 Dual Input Network and a 6. §15F?uaje
DC Amplifier Card. The components for one channel are shown in block diagram P 1?- lguth
1.4. The major components consist of the input/feedback resistors, the stabilizer am;)lllffer, e
chopper, and the de amplifier. The circuit is arranged so that the drift-free CharaCtemStlc.S .
an ac amplifier are used to cancel the effects of drift in the dc section. The resulting circuit has

s : he necessity of
excellent long-term stability, and allows the use of wideband de amplifier without t
frequent manual balancing.

Inputs to the amplifier are applied through the input impedance Zin' The dc and low frequency
components of the signal voltage at the summing junction (SJ) cannot pass directly to the input

of the dc amplifier section because of C1. Instead, they are connected through R3 to contact 9
of chopper D1. (A chopper or synchronous vibrator consists of a coil-driven vibrating reed (8)
that alternates between the contacts (9,7) on each half cycle of the coil excitation voltage.) The
chopper alternately grounds contact 9 producing a 60 Hz square wave input to the stabilizer ampli-
fier. After amplification, the resulting signal is de-modulated (or synchronously rectified) at
the second contact (7) of the chopper. The resulting signal at contact 7 is a pulsating de whose
polarity is the same as the polarity of the signal at the summing junction. The dc signal is

filtered by R6 and C2 and applied through R5 to the input to the de amplifier section.

Thus dec ow
very low frequency signals are amplified by the stabilizer amplifier and by the de amplifier.

The circuit from contact 9 of D1 to contact 7 is a modulated carrier-type amplifier that provides

high-gain dc amplification with very low drift. The stabilizer is Phase sensitive ; if the polarity
of the summing junction signal changes, the phase of the modulateq signal changes and the

polarity of the pulsating dc output voltage changes.

High frequency components of the input signal are passed by C1 o the de amplifier, and are
amplified by the gain of the dc amplifier only. The open loop gain of the amplifier thug depends
extremely high because

' At higher frequencieg
is decreased but remains high enough to satisfy all expecteq Computer Operationg

One of the criteria for a high quality operational amplifier ig that the out
the input voltage is zero. This zero correspondence between input anq 4
amplifier balance. The manual adjustment process to insure thjg corre

on the frequency of the input signal. At very low frequencies, the gain ig
the stabilizer amplifier is placed in series with the dc amplifier,

) thg gain

Put voltage pe zero when

utput Voltages jg called

; Spondence is
balancing and it must be accurately made, following the Procedure dese SR

ribed in Sub-p
1.3.1. The amplifier would require more frequent bala.ncing Withoyt Stabilizat; e
5 e . on, i
compensation produced by chopper stabilization allows the amp)jf;q,, to The drige
attention.

be ugseq for Weeks without
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ifi tion is fed back
Any component of the amplifier output voltace due to drift in the dc amplifier sec .
; ifi i an - -

BBt o fesubick Impedance Z_ to the summing junction of the amplifier. Since any

: | ilizer section, filtered,
duced voltage has a very low frequency, it will be amplified by the stabilize . 4 S
| ifi i e drift- =
then applied as a drift-correction signal to the input of the dc amplifier section. T

; in of the
duced component in the output voltage is reduced by a factor equal to EAGeriSetirn 8270
stabilizer section,

The amplifier in the stabilizer section has a very high gain. Since it is connected to the summing
Junction, it serves as a monitor of the summing junction voltage. Under normal circumstances,
the input current of the operational amplifier is equal to the feedback current, and the summing
Junction is at virtual ground. If the currents are not equal, the amplifier is not performing pro-
perly, and the summing junction departs fromvirtualground. This rise in voltage is amplified
by the stabilizer and results in a large stabilizer output signal that is used to trigger an overload

indicator which informs the user that the amplifier is not operating properly.

Since the stabilizer is a sensitive monitor of the summing junction voltage, the magnitude of its
output voltage is also an indication of the balance of the amplifier. The 580 amplifiers are
balanced accurately by connecting the stabilizer output to the voltmeter on the control panel and
adjusting the balance potentiometer until the voltmeter reads zero.

1.4.2 The DC Amplifier Section

Figure 1.5 is a simplified schematic diagram of the 6. 615 Amplifier, The patch panel Summing

minal of Figure 1,5, The

Q1 through R2 and C1, The
ut
Two reverse-connected diodes (CR1 and CR2) are connected from the j

junction (B) of the operational amplifier is connected to the INPUT ter
ac components of the input signal are applied to the base of transistor

dc components of the input signal are connected through R3 to the input of the stabilizer section

: nput to groung to limit
the charge of C1 should an overload occur. This feature allows the a

following an overload condition. The voltage at this point ig normal]

duction point.

Transistors Q1 and Q2 comprise the dc amplifier input stage,

Transistop Q2 j
: . . is ;
common-emitter configuration with R7 (in resistor network NW1) proyi ding wais ;Onnected in a
' eli-biag, T i
volt ransistor

age d!‘op a :
volt) across the base-emitter diodes of Q2 as its operating voltage T . ( Dproxlmately 0.3
. . . , . 1 ) .
of Q2 provides a load for Q1. This configuration giveg the amplifiep itter-bage
pedance. The base circuit of Q1 is completed through R1, ang the ba

components form a voltage divider between -15 volts and +15 volts

Q1 is used in the emitter-follower configuration, and uses the

2 relatively high

1 hput im-
ance Potentiomet

€r. Thege
The balance Potentiom

t from the Stabilizep s

sets the optimum operating point for Q1, as indicat

ed by a zepq outpy eter

ection,
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The high-frequency roll-off of the input stage is controlled by C3 and R4, whl.ch prorndes ::; -
increasing degenerative feedback from the collector of Q2 to the base g mcrfh ame
frequency, A q4c feedback is provided by R15 which tends to keep the collector of Q2 at the sTh
potential, regardless of temperature variations which affect the conductivity of Q1 and Q2. F

stabilizer output ig connected through R6 and R5 to the input of Q1.

The output of Q2 is coupled to the base of Q3 through NW1-R5. Bias for Q3 is provided by
NW1-R4, NW1-R5, and Ri16, The feedback network consisting of R7 and C5 provides high-fre-
quency roll-off for the Q3 stage. Capacitor C4 provides correct phasing for higher frequencies,
The collector load for Q3 consists of resistors NW1-R3 and NW1-R1

Resistor NW1-R3 provides direct coupling from the output of Q3 to the base of Q4, as well as
forming a voltage divider with NW1-R1 to set the operating point for Q4. The Q4 stage is con-
nected in the common-emitter configuration. The emitter is connected to +15 yolts rather than
ground, to establish the correct operating points for Q4, Q5, Q6, and Q7. The collector load
for the stage consists of the parallel combination of NW1-R2 and R10. Capacitor C7 Provides
high-frequency degenerative feedback for this stage, and the network consisting of C6 and R8
provides a high-frequency roll-off for @4, and Q5,

‘The collector of Q4 is connected to the base of Q5 through a current limiting device, R17., This
device has a high positive temperature coefficient of resistance, Providing an increas et
resistance with an increase in current flow. This helps to stabilize the OPeration of Q5 by
limiting base drive. The Q5 stage is connected as an emitter-follower

Q7, eliminating cross-over distortion in the output stage,

The output stage consists of transistors Q6 and Q7, connected in g compleme ntary_symn'lmy
configuration. This circuit arrangement provides the advantageg of Push-puly OUea i wi X
single-ended input. Both transistors are connected ag emittel’-followers_ Since - D -
(PNP) conducts with a negafive input and transistor Q7 (NPN) conducts wig, Rt
of the transistors delivers current to the load regardlesg of input Polarity, i zerml-’ut. one
both transistors conduct equally, and the voltage drop across the load is zero. Cure o mpn-xt,
devices R18 and R19 perform a function similar to that of R17; by Providing oy = ent limiting
resistance with an increase in current, they protect the output trmismm from €ase in

rent flow. Resistor R13 provides a dc feedback to the base of Q4 Which teng . ZcesgivE cur-
of the amplifier at zero volt with a zero input and compensates fop minor P the outpyt

ture variation. transistor and temper, .

1-1-10
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1.4,3 The Stabilizer Section

The stabilizer section consists of a four stage uirect-coupled amplifier (Q8, Q9, Q10, and Q11),
input and output coupling capacitors (C8 and C12 r¢ spectively), and a 60 Hz chopper (D1). The
stabilizer pre-amplifies the dc and very low frequency components of the signal appearing at the
amplifier summing junction, and applies the resulting signal as an input to the dc amplifier sec-
tion,

1.4.3.1 The Stabilizer Amplifier. The stabilizer amplifier receives its input
from the summing junction through resistors R3, R11 and capacitor C8. The chopper grounds the
Junction of R3 and R11 sixty times each second, making the input appear as a series of pulses be-

tween ground and the input level. These pulses are coupled through C8 to the base of transistor
Q8.

The input stage of the stabilizer consists of transistor Q8 and Q9. Transistor Q8 is connected
as an emitter-follower, and uses the base-emitter voltage drop of Q9 to provide operating volt-
age. The circuit arrangement of Q8 and Q9 is similar to the arrangement of Q1 and Q2 in the de
amplifier section, and provides a relatively high input impedance. Resistors NW2-R1 and
NW2-R11 provide bias for Q8. Capacitor C9 filters high frequency transients from the input
waveform. Resistor NW2-R2 provides emitter load for Q8 and bias for Q9. Transistors Q9,
Q10, and Q11 are connected in the common-emitter configuration, and are directly coupled
through resistors NW2-R4 and NW2-R6. Capacitor C10 provides high-frequency degeneration
for the Q11 stage, removing unwanted high frequency components from the output waveform.,
Resistor NW2-R8 provides a feedback to the junction of NW2-R1 and NW2-R11, adjusting the
bias on Q8 to maintain the stabilizer amplifier transistors at the correct operating point, The
network consisting of R12 and C11 provides phase correction for very low frequencies, and
filters high frequencies from the NW2-R8 feedback loop.

The stabilizer amplifier consists of an emitter-follower input stage which is non-inverting, and
three common-emitter stages which provide an overall phase shift of 540 °. This would constitute
an apparent 180° phase shift, or an inversion from input to output. This cannot be tolerated by
the overall amplifier, since the dc amplifier section provides a 180° phase shift. Any feedbaek
under these conditions would be regenerative, and the amplifier would be unusable. For this
reason, contacts 7 and 8 of the chopper demodulate the output of the stabilizer amplifier, to
provide a pulsed output to the filter network (R6 and C2) having the same polarity as the input.
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Figure 1.4 shows how one pole of the chopper (pin 8) alternately grounds the stabilizer 1nputth(P1n 9)
and the stabilizer output (pin 7), The closing of contacts 8 and 9 at a 60-cycle rate t?auses 1; -
stabilizer input to appear as a series of pulses as described previously. This permits amplificati
of very low frequencies or dc levels, while isolating the amplifier operating levels through tf]e-

use of a coupling capacitor. Contacts 8 and 7 effectively shift the phase of the output by providing

a short RC charge or discharge time for C12 when closed, and a longer time (through R6) when

oben. This operation is more easily understood with the use of examples.

It the input to the summing junction tends to go positive, the input to the stabilizer amplifier
consists of a series of positive pulses. The output waveform at the collector of Q11 then con-
sists of a series of negative going pulses, Note, however, that during the time that the input
pulse is present (positive), the output (negative) at the junction of C12 and R6 is connected to

ground through contacts 7 and 8 of the chopper. This allows C12 to charge rapidly to the level
at the collector of Q11,

to ground.

The chopper arm then closes to contact 9, driving the stabilizer input

The collector of Q11 goes from its negative level toward ground at this time, and the positive
changeis coupled through C12 and R6 to the input of the dec amplifier,

of contact 7 and the arm of the chopper thus makes the apparent output
pulses which are filtered by C2 and R6 and provide a dec input to the de

The dec restoring action
a series of positive
amplifier through R5,
If the input to the summing junction tends to 80 negative, the stabilizer input is a series of nega-
from a negative level toward
scharge path for C12 when the
Pber break ang contacts 8 gng

7 close, the collector of Q11 goes negative and the change is coupleq through C12 apg R6 to the

tive pulses. The output at the collector of Q11 is a series of pulses
ground. In this case, the chopper provides a short time constant g;
collector of Q11 is close to ground. As contacts 8 and 9 of the chgo

filter capacitor, C2,

1.4.3.3 The Stabilizer Filter. The stabilizer output filter, Consisting of ¢ it

. apacito
C2 and resistor R6, has a time constant of three seconds. Thijs jg extremely long with p : r
to the stabilizer output waveform, consequently reducing the ippl ey

€ at the junctjop of R6 and R5
to a negligible level.

1.4.3.4 Stabilizer Functions. The stabilizer Performg the APparent)
tions of (a) pre-amplifying dc and very low frequency input signals, ang ®) ma_intaiy- dual func-
amplifier summing junction at a point very close to groung Potentia] gyep Wide vapj " ﬂ-1e
amplifier balance. When the amplifier feedback loop is closed (a5 TR o Vanatio?s in
applied, the amplifier output should be zero volt, Any departure of al ampm:i :nd no input jg
this point is coupled through the feedback resistor to the Summip T output from

g Junctigp This Causes the

1-1-12



CHAPTER 1 DUAL DC AMPLIFIER 6. 614-1

stabilizer to generate a correction voltage which returns the amplifier output, and consequently,
the summing junction, to zero. If an input signal is applied to the summing junetion, the stabili-
zer again generates a voltage. In this case, however, the output of the dc amplifier is shifted
from ground potential, to produce an output with a polarity opposite to that of the input, and a
magnitude equal to the input voltage multiplied by the ratio of the feedback resistance to the input
resistance, This output produces a potential at the summing junction equal in magnitude and
opposite in polarity to the input signal, returning the absolute potential at the summing junction
to a point very close to ground. It is in this way that the stabilizer attempts to keep the summing
junction at ground regardless of input voltage changes or variations within the dc amplifier.

1.5 MAINTENANCE AND TEST PROCEDURES

The 6. 614-1 DC Amplifier is ruggedly constructed from top quality commercial grade components.
All components are operated well below ratings to assure a long, trouble-free equipment life,

The wﬁ Pprocedures outlined below are designed to provide a maintenance technician with simple
and convenient

t procedures for monitor: ng amplifier performance on a regular basis,

1.5.1 Frequency Response (Closed Loop)

!Aﬁ!I-'l_-t‘._ 1l

ise of the operational amplifier is accomplished by applying a
input to the amplifier and observing the output
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Connect the output of a well-regulated audio oscillator to the amplifier input.
Connect an ac voltmeter to the oscillator output. Vary the oscillator frequtf:ncy
from a few cycles to about 200 ke, Be certain that the amplitude of the ogeillator
output remains constant over the frequency range. If it goks ot atay constant,

, ck point.
the oscillator amplitude control must be adjusted for each frequency check p

i i ase).
There must be less than 0.5 db peaking at any frequency (6% amplitude increase)
The 3 db rolloff frequency (minimum) should be 125 kHz for 100k/100k and 400
kHz for 10k/10k input and feedback resistors.

If the operational amplifier fails this test, it is probably due to a malfunction
in the dc amplifier section.

1.5.2 Offset Measurement

Periodic checks for excessive amplifier offset are performed by monitoring the amplifier sum-

ming junction using standard feedback components,

The offset measurement is made utilizing

a Hewlett-Packard 425A (or equivalent) microvoltmeter,

Proceed as follows:

113

After a warm-up period of at least one half hour, careful}

¥ balance the amplifier
under test using the standard procedure,
Using standard feedback connections, measure the offset

at the amplifier Summing
Junction with respect to high quality ground.

If the amplifier is operating properly, the offget should not exceeqd 120 microvolt
volts,

RJ
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1.5.3 Noise Measurement

The noise content “o‘f the amplifier can be observed with the circuit shown in Figure 1,7. Balance
the amplifier and observe the output on the oscilloscope. The rms noise should be less than 1.5
millivolts peak-to-peak in either the gain of one or the gain of 10 configuration.

' 1.5.4 Output Current Capability
I ’ I = - s 8 »

‘The amplifier's ability to deliver rated current is checked with the circuit in Figure 1.8. The

load resistor need not be a precision resistor.

1 in the R position and measure the amplifier output voltage.
‘meas
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1.5.5 Phase Shift

ification table below
Connect the amplifier as shown in Figure 1.9, selecting R from the specificatio

and using the top network resistor as the feedback resistor.

iR

osc

; "Y' sensitivity to
Set oscillator to 1000 Hz at 20 volts peak-to-peak; scope "Y' se

SO i e
20 millivolts/centimeter and "X sensitivity to 5 volts/centimete

e, . ; ipse 0,1°
Read phase shift in millivolts. Read vertically on minor axis of ellipse
= 35 millivolts,

Phase Shift Specifications

R Phase Shift

100k 0. 4° Maximum (140 Millivolts)
10k 0.1° Maximum (35 Millivolts)

R R
AN ® AAA
V PHASE
g SHIFT
10K I0K

p—— AN A, O = /_

Y X

?

=

10K

Figure 1.9. Test Circuit for Phgse Shift

1.6 TROUBLE ANALYSIS

The amplifier is used with several different types of networkg depending on
perform. Unsatisfactory performance by an operational amplifjey could e
malfunction. The malfunction can usually be isolated to g Particulap

suspected modules with ones that are known Fo be.sood: Unlike most
ment, a faulty operational amplifier usually identifies itself imme diat
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