


LEGAL NOTICE 

This report was p r e p u r t d  u s  an accoun t  o+ Government  sponsoied work. Neither the United Stores, 

nor the Comrnrssron, nor ocy person  a c t i n g  on b e h a l f  of the Commiss ion  

A. bfokas ooy warranty or reeresentot,on, expressed  or implied, wDth respect  t o  thp nccurocy,  

completeness,  or u r e i u l n e s s  of fhr tnfatrnofgon conta ined ~n thts  report, c i  thot the use o i  

ony In fo rmat ion ,  apparatus. method,  or p r o ~ e s s  d i s c l o s e d  i n  t h i s  report may not  iiifrgngr: 

p r i v a t e l y  a w n e d  r l g h t s ,  ar 

E. Assumes any l i a h i l i t r e h  w i t h  r e s p e c t  to  t4e use of, cc fur darnoyes result.ny from +he use of 
uny tn iormotton, opporotus. method, or p rocess  d l s c l o a e d  an this repo". 

4 s  used  In the above, "person a c t i n g  on beha l f  of the Commission" i n c l u d e s  ony e m p l o y e e  or 

conf rac tor  o f  the Commission, or ernploypp of such c o n t r a c t o r 2  t o  the e x f e n t  t h a t  such e m p l o y e e  

or c o i i t r u c t o i  of the Comrnsssion, or employee c i  sucb conr rac tor  prepares,  d isncminnter ,  or 

p r o v t d c s  acces6 to, ~ i r ~ y  f n f w r n o t t o n  pursuant t o  h , s  einploynnnt M c o n t r a c t  w i t h  the Commasslon, 
or h t r  employment  w i t h  such conf rac tor  

c 



3 

CONTENTS 

Page 

1 . DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . .  4 
1 . 1  General . . . . . . . . . . . . . . . . . . . . . . . . .  4 
1.2 Construction . . . . . . . . . . . . . . . . . . . . . . . .  4 
1.3 Application . . . . . . . . . . . . . . . . . . . . . . . .  4 
1.4 Specifications . . . . . . . . . . . . . . . . . . . . . . .  4 
1.5 Applicable Drawings and Specifications . . . . . . . . . . . .  6 

2 . THEORY OF OPERATION . . . . . . . . . . . . . . . . . . . .  6 
2.1 Basic Block Diagram . . . . . . . . . . . . . . . . . . . .  6 
2.2 The DC Amplifier Section . . . . . . . . . . . . . . . . . .  
2.3 The Stabilizer Section . . . . . . . . . . . . . . . . . . .  10 

8 

3 . OPERATING INSTRUCTIONS . . . . . . . . . . . . . . . . . .  13 
3.1 Installation . . . . . . . . . . . . . . . . . . . . . . . .  13 
3.2 Operating Controls . . . . . . . . . . . . . . . . . . . . .  13 
3.3 Connections . . . . . . . . . . . . . . . . . . . . . . . .  13 
3. 4 Operating Rocedures . . . . . . . . . . . . . . . . . . . .  13 

4 . MAINTENANCE INSTRUCTIONS . . . . . . . . . . . . . . . . .  16 
4.1 General . . . . . . . . . . . . . . . . . . . . . . . . .  16 
4.2 Trouble Analysis . . . . . . . . . . . . . . . . . . . . . .  17 
4.3 Chopper Maintenance . . . . . . . . . . . . . . . . . . . .  17 

5 . REPLACEABLE PARTS LIST . . . . . . . . . . . . . . . . . . . .  21 

6 . ACCEPTANCE TEST PROCEDURE . . . . . . . . . . . . . . . . .  24 
6.1 Test Equipment . . . . . . . . . . . . . . . . . . . . . . .  24 
6.2 Adjustment Procedure . . . . . . . . . . . . . . . . . . . .  24 
6.3 Accepfance Test . . . . . . . . . . . . . . . . . . . . . .  25 
6.4 Additionaf Specification Tests . . . . . . . . . . . . . . . .  27 



4 

1 .  DESCRIPTION 

1 .1  General 

The Dual Ope-rational Amplifier, ORNL Model Q-2 5, i s  a commercial de- 
sign manufactured to ORNL Instrumentation and Controls Division Specification SP-232, 
dated December 23, 1964. The original order was supplied by Electronic Associates, 
Inc,, as their EA1 Mode! 6.720. The unit consists of two independent high-gain am- 
plif ier circuits packaged on an etched circuit board. The circuit board i s  housed in  
a 1 -unit module of the Modular Reactor Instrumentation series Q-2600. The amplifiers 
are transistorized and designed for optimum stability and frequency response I Each 
amplifier can be used i n  conjunction with appropriate networks to perform linear com- 
putations, such as summation, integration, and mu ltiplication by a constant. 

1 .2 Construction 

The Dual Operational Amplifier i s  constructed on Q printed circuit board housed 
within a single module 1 .40 in. wide, 4.72 in .  high ,  and 1 1  .XI in. deep. I t  i s  a 
standard "1 -unit" plug-in modw le of the Modular Reactor Instrumentation series de- 
picted on drawings Q-2600-1 through Q-2600-6. 

1 . 3  Application 

These amplifiers are intended for general use in  any application requiring stable 
The basic amplifier i s  a very high gain, chopper-stablized gain from dc up to 200 kHz, 

type, and the transfer or gain characteristics are determined entirely by external input 
and feedback networks. The design i s  functionally stable with a wide variety of net- 
works, including integration, differentiation, and many combinations of lead and lag, 
as well as stable wide-band gain. 

1 .4 Specifications 

These specifications are abbreviated for application and maintenance informa- 
tion. 
Performance Specification SP-232, Dec, 23, 1964. 

For complete! information, see ORNL Instrumentation and Controls Division 

1 .  Output voltage range: 
2 .  Output cvrrent: 20 ma minimum at +I6 v. 
3. Open-Loop gain: 
4 * Frequency response: 

*10 v minirnurn at 20 ma load. 

Greater than 5 x 10' at 0 Hz. 
Within 1t3 db from 0 to 200 kHz when con- 

nected as a wnity-gain inverter (10 
k i  lohms i tiput and feedback resistors) 
with CI 20 rnv p-p input signal. 
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5. Dynamic amplitude error: 

6. Phase shift: 

7. Output impedance: 
8 .  Noise and ripple of output: 

9. Summing junction offset: 
10. Amplifier drift: 

11 . Integrator drift: 

12. Balancing: 

13. Stability: 

14. Over load: 

15. Operating conditions: 
16. Power supply: 

Less than 0.1 % at 1 kblz, 20 mv p-p, 

Less than 0.1 O at unity-gain, 100 to 1000 

Less than 0.01 ohm at unity gain, 100 Hz. 
When connected as a unity-gain inverter 

with 10-kilohm input and feedback re- 
sistors: a .  At dc to 300 kHz, less than 

than 80 pv p-p. c . Chopper spikes, 
less than 2 mv p-p. 

Less than 20 pv at balance. 
When connected as wnity gain inverter: 

unity gain. 

Hz . 

400 PV p-p. b .  At dc to 200 Hz, less 

a. With 10-kilohm input and feedback 
resistors, less than *5 pv/"C. b. With 
100-ki lohm input and feedback resistors, 
less than k 5  p / " C .  c .  With 10- 
kilohm input and feedback resistors at 
constant temperature, less than 100 
p/24 hr. d. With 10-kilohm input 
and feedback resistors at constant tem- 
perature, less than 300 pv/month. 

With a grounded, 180-kilohm input resistor 
and a 10-yf feedback capacitor, less 
than 50 p/sec. 

Se I f-conta i ned, screwdriver adjust me nt . 
Nu l l  indication external a 

Each amplifier shall be free of spurious 
oscillations a. With any value of 
feedback resistor from 0 to 5 megohms. 
b. With any input resistance from 500 
ohms to open circuit. c .  With any 
output capacitance loading from 0 to 
8.1 yf. d. With any combination of 
summing junction und output capaci- 
tances less than 0.01 p f .  

The amplifier shall not suffer damage when 
i t s  output i s  shorted. 

10 to 55OC at 0 to 75% relative humidity. 
+25 v, +15v, -15 v, regulated to 0.1%; 

and 6.3 v ac i 1Q%, 60 Hz, sine wave. 
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1.5 Applicable Drawings and Specifications 

The following l i s t  gives the drawing numbers (ORNL Instrumentation and Con- 
trols Division drawing numbers), subtitles, and specification number  for the Dual 
Operational Amplifier: 

1 .  Q-2605-1 
2. Q-2605-2 
3. Q-2605-3 
4. Q-2605-4 
5. Q-28Q5-5 
6 .  Q-2605-6 
7. SP-232 

Circwit . 
Assembly and Detai Is .  
Metalphoto Panel. 
Parts List .  
Assembly. 
Test Jig a 

Performance Specification . 
The following l i s t  gives the drawing numbers and subtitles for the Plug-in 

Chassis System: 

1 .  Q-2600-1 
2. Q-2690-2 
3. Q-2600-3 
4. Q-2600-4 
5. Q-2600-5 
6. 3-2600-6 

Assembly. 
Detai I s  I 
Detai Is a 

Detai Is e 

Detai I s  .. 
Detai I s .  

2. THEORY OF QPERATION 

2,l Basic Block Diagram 

The EA1 Model 6.720 Dual Operational Amplifier, ORNL Model Q-2605, 
consists of an EA1 Model 6,715 Dual DC Amplifier Card housed i n  a 1-unit module. 
The components for one channel are shown i n  block diagram form in Fig. 1 . The 
major components consist of a stabilizer amplifier, a chopper, and a dc amplifier. 
The circuit i s  arranged so that the drift-free characteristics of an ac amplifier are 
used to maintain constant dc amplifier balance by providing a voltage to the input 
of the dc amplifier, which tends to maintain the summing junction at virtual ground. 
The resulting circuit has excellent long-term stability, and allows the use of a wide 
bandwidth dc amplifier without the necessity of frequent manual balancing. 

Inputs to the amplifier are applied through an external 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 dlc amplifier section because of C1. In- 
stead, they are connected through R3 to contact 9 of chopper D1 . 
synchronous vibrator consists of a coi l-driven vibrating reed (8) that alternates be- 
tween the contacts (9, 7 )  on each half-cycle of the coi I excitation voltage .] The 

[ A chopper or 
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Fig. 1. One Channel of EAI Model 6.715 Dual DC Amplifier. 

chopper alternately grounds contact 9, producing a 60-cps square-wave input to the 
stabilizer amplifier. After being amplified, the signal i s  demodulated (or synchro- 
nously rectified) at the second contact (7) of the chopper. The resulting signal at 
contact 7 i s  a pulsating dc signal whose polarity i s  the same as the polarity of the 
signal at the summing junction. The dc signal i s  filtered by R8 and C2 and applied 
through R7 to the input of the dc amplifier section. Thus, dc and very low frequency 
signals are amplified by the stabilizer amplifier and the dc amplifier. 

The circuit from contact 9 of D1 to contact 7 i s  a modulated carrier-type am- 
The stabilizer i s  phase plif ier that provides high-gain dc amplification with no drift. 

sensitive; i f  the polarity of the summing junction signal changes, the phase of the mod- 
ulated signal changes and the polarity of the pulsating dc output voltage changes. 

High-frequency components of the input signal are passed through Cl to the 
dc amplifier, and are amplified by the gain of the dc amplifier only. The open-loop 
gain of the amplifier thus depends on the frequency of the input signal. At very low 
frequencies, the gain i s  extremely high, because the stabilizer amplifier i s  placed 
i n  series with the dc amplifier. At higher frequencies, the gain is decreased but re- 
mains high enough to satisfy a l l  expected operations when the feedback loop i s  closed. 

Any component of the amplifier output voltage due to drift i n  the dc amplifier 

Since any drift-produced voltage has a very low frequency, i t  wi l l  be 
section i s  fed back through the feedback impedance ZfG to the summing junction of 
the amplifier. 
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amplified by the stabilizer section, f i  ltered, and then applied as a drift-correction 
signal to the input of the dc amplifier section. The drift-produced component in  the 
output i s  reduced by a factor equal to the effective gain of the stabilizer section. 
The amplifier would require: balancing every few minutes without stabilization. The 
drift compensation produced by chopper stabilization nl lows the amplifier to be used 
for weeks without attention. 

The amplifier i n  the stabilizer section has a very high gain. Since i t  i s  con- 
nected to the summing junction, i t  serves as a monitor of the summing junction volt- 
age. Under normal circumstances, the input current of the operational amplifier i s  
equal to the feedback current, and the summing junction i s  at virtwal ground. I f  the 
currents are not equal, the amplifier i s  not performing properly, and the summing 
junction departs from virtual ground, 
l i rer  and results i n  an output signal which may be connected through the appropriate 
pushbutton switch to  the balance manitsring meter circuit. 

This rise in voltage i s  amplified by the stabi- 

2,% The DC Amplifier Section 

As shown i n  Fig. 2, the summing junction of the operational amplifier i s  con- 
nected to the input terminal. 
the base of transistor Q1 through R2 and ei . The input signal i s  also connected 
through R3 to the input of the stabilizer section, Two reverse-connected d i d e s  (CRI 
and CR2) are connected from the input to ground so that C1 cannot be charged to a 
high voltage should an overload occur. This feature allows the amplifier to  recover 
rapidly following an overload condition. The voltage at this point i s  normally less 
than the diode conduction point. 

The dc components of the input signal are applied to 

Transistors Q1 and Q2 comprise the amplifier input stage. Transistor Q2 i s  
connected i n  a common-emitter configuration with R7 (in etched-circuit resistor net- 
work N W I )  and thermistor R15, providing self-bias * 

an emitter-follower configuration, uses the voltage drop (approximately 0.3 v) across 
the base-emitter diode of Q2 as its operating voltage. The emitter-base resistance 
of Q2 provides a load for Q1. This configuration gives the amplifier a relatively 
high input impedance. The base circuit of Q1 i s  completed thrwgh R8 (in NWl), 
R 1 ,  and the balance potentiometer. These components form a voltage divider be- 
tween -15, +15, and +25 v. The balance potentiometer sets the optimum operating 
point for Ql,. as indicated by a zero owtput from f h e  stabilizer section. 

Transistor Q1, connected i n  

The high frequency roll-off of the input stage i s  controlled by C3 and RS 

Temperature compensation i s  provided by thermistor R15 and resistor R6, which 
tend to keep the collector of Q2 at a constant potential regardless of temperature 
variations. The stabilizer output i s  connected through R8 and R7 to the input of Ql . 
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Capacitor C4 provides correct phasing far higher frequencies. The collector 
load for Q3 consists of resistors N W l  -R3 and N W l  -R1 . 

Resistor NWl-R3 provides direct coupling from the output of Q3 to the base 
of Q4, as well cis forming a voltage divider with NW1-Rl to set the operating point 
for Q4. The Q4 stage is connected i n  the common-emitter configuration. 
i s  connected to +I5 v, rather than to ground, to establish the correct operating points 
for Q4, Q.5, Q6, and Q7. 
Capacitor C7 provides high-frequency degenerative feedback for this stage, and the 
network consisting of CQ and R 1 1  controls the high-frequency roll-off far Q4 and Q5. 

The emitter 

The collector Isad for the stage consists of NW1 -R2. 

The collector of Q4 i s  connected to the base of Q5 through an incandescent 
lamp DS1 The filament of this lamp has a high, positive temperature ccxfficient of 
resistance, providing an increase i n  resistance with an increase i n  current flow. 
stabilizes the operation of 625 by limiting base drive. The Q5 stage i s  cannected as 
an emitter-follower, with resistor R12 providing the emitter load resistor. 
provides a small forward bias for output transistor Q7, eliminating crms-over distor- 
tion i n  the output stage, 

This 

Diode CR3 

The output stage consists of transistors Q6 and Q7, connected i n  a comple- 
This circuit arrangement pravides the advantoges 

Both transistors are connected as 
mentary-symmetry configuration. 
of push-pull operafion with a single-ended input. 
emitter-followers. 
transistor Q7 (NPN) conducts with a positive input, one of the transistors delivers 
current to the load regardless of input polarity. With a zero input, both transistors 
conduct equally, and the voltage drop across the load i s  zero. Incandescent lamps 
BS2 and DS3 perform a function similar to that of DSl; b y  providing an increase i n  
resistance with an increase in  current, they protect the output transistors from exces- 
sive current flow. Resistor R13 provides a d~ feedback to  the base of Q4 which tends 
to keep the output of the amplifier at zero volts with a zero input and compensates 
for minar transistor and temperature variations. 

Since transistor Q6 (PNP) conducts with a negative input and 

2.3 Tho Stabilizer Section 

The stabilizer section consists of a four-stage direct-coupled amplifier ((213, 
Q9, Q10, and Q1 l ) ,  input and output coupling capacitors (CS and C12 respectively), 
a d  a 60 cps chopper ( D l ) .  The stabilizer preanplifies 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 section. 

2.3.1 The Stabilizer Amplifier. 

The stabilizer amplifier receives its input from the s~~rnming  junction thrawgh 
resistors R3 and R9. The chopper grounds the junction of R3 and R9 60 times each 
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second, making the input appear as a series of pulses between 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 transistors Q8 and Q9. Transistor 
Q8 i s  connected as an emitter-follower, and uses the base emitter voltage drop of Q9 
to provide operating voltage. The circuit arrangement of Q8 and Q9 i s  similar to 
the arrangement of Q1 and Q2 i n  the dc amplifier section, and provides a relatively 
high inpwt impedance. Resistors NW2-Rl and NW2-RIl provide bias for Q8. Capac- 
itor C9 filters high frequency transients from the input waveform. Resista- NW2-R2 
provides the emitter load for Q8 and, together with NW2-R12, provides bias for Q9. 
Transistors Q9, (210, and Q11 are connected in the common-emitter configuration, 
and are directly coupled through resistors NW2-R4 and NW-RQ. Capacitor C10 pro- 
vides high-frequency degeneration for the (211 stage, removing unwanted high- 
frequency components from the ovtput waveform. 
back to the junction of NW2-Rl and NW2-RI 1, adjusting the bias on Q8 to maintain 
the stabilizer amplifier transistors at the correct operating point. 
sisting of R14 and C11 provides phase correction for very low frequencies, and filters 
high frequencies from the NW2-R8 feedback loop. 

Resistor NW2-R8 provides a feed- 

The network con- 

The stabilizer amplifier consists of an emitter-fol lower input stage, which i s  
noninverting, and three common-emitter stages which provide an overal I phase shift 
of 540'. 
output. This cannot be tolerated by the overall amplifier, since the dc amplifier 
section provides a 180' phase shift. Any feedback 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 (R8 and C2) having the same polarity as the input. This 
i s  accomplished as described below 

This constitutes an apparent 180' phase shift, or an inversion from input to  

2.3.2 The Chopper. 

The chopper is a specially designed high-speed relay. It consists of a double- 
pofe armature assembly which i s  driven by a 60-cps ac source and which alternates i n  
position from one set of contacts to the other at this rate. Figure 1 shows how one pole 
of the chopper (pin 8) alternately grounds the stabilizer input (pin 9) and the Stabilizer 
output (pin 7). The closing of contacts 8 and 9 at a 60-cycle rate causes the stabilizer 
input to appear as a series of pulses as described previously. This permits amplifica- 
tion of very low frequencies or dc levels while isolating the amplifier operating levels 
through the use of a coupling capacitor. The closing of contacts 8 and 7 effectively 
shifts the phase of the output by providing a short RC charge or discharge t ime for C12 
when cfosd, and a longer time (through R8)  when open. This operation i s  more easily 
understood with the use of examples, 

I f  the input to the summing junction tends to go positive, the input to the sto- 
bilizer amplifier consists of a series of positive pulses. The output waveform at the 
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collector of Q11 then consists of a series of negative-going pulses. Note, however, 
that during the time that the input pulse i s  present (positive), the output (negative) 
at the junction of 612 and 118 i s  connected to ground through contacts 7 and 8 of the 
chopper. 
The chopper arm then closes to contact 9, driving the stabilizer input to ground. 

This allows C12 to charge rapidly to the level at the collector of Q11 . 

The collector of Q11 goes from its negative level toward ground at this time, 
and the positive change i s  coupled through C12 and R8 to  the input of the dc ampli- 
f ier. The dc restoring action of contact 7 and the arm of the chopper thus makes the 
apparent output a series of positive pulses which are filtered by C2 and R8 and pro- 
vide a dc input to the dc amplifier through R7. 

I f  the input to the summing junction tends to go negative, the stabilizer input 
i s  a series of negative pulses* The output at the collector of Q11 i s  Q series of pulses 
from a negative level towards ground. In this case, the chopper provides a short time- 
constant discharge path for C12 when the collector of Q11 i s  close to ground. As 
contacts 8 and 9 of the chopper break and contacts 8 and 7 close, the collector of 
Q I  1 goes negative and the c-hange i s  coupled through C12 and R8 to the fi l ter capac- 
itor C2. 

2.3.3 The Stabilizer Filter 

The stabilizer output filter, consisting of capacitor C2 and resistor R8, has a 
time constant of 3 sec. This i s  extremely long with respect to the stabilizer output 
waveform, consequently reducing the ripple at the junction of R8 and R7 to a negli- 
gible level. 

2 . 3 . 4  Stabi lizer Functions - 
The stabilizer performs the apparently dual functions of (a) prearnplifying dc 

and very low frequency input signals, and (b) maintaining the amplifier summing iunc- 
tion at a point very close to ground potential over wide variations In  amplifier balance. 
When the amplifier feedback loop i s  closed (as it must be), and no input i s  applied, 
the amplifier output should be zero volts. Any departure of the amplifier output from 
this point i s  coupled through the feedback resistor to the summing junction. 
causes the stabilizer to generate a correction voltage that returns the amplifier output 
and consequently, the summing junction, to zero. I f  an input signal i s  applied to the 
summing junction, the stabilizer again generates a voltage. I n  this case, however, 
the output of the dc amplifier i s  shifted from grwnd potential, to produce an output 
with a polarity opposite to  that of the input and a magnitude equal to the input voltuge 
multiplied by the ratio of the feedback resistance to the input resistance. 
produces a potential at the summing junction equal i n  magnitude a d  opposite in polar- 
i ty  to the input signal, returning the absolute potential at the summing junction to a 
point very close to ground. It i s  i n  this way that the stabilizer attempts to keep the 

This 

This output 
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summing junction at ground regardless of input voltage changes or variations within 
the dc amplifier. 

3. OPERATING INSTRUCTIONS 

3.1 Installation 

The Dual Operational Amplifier, ORNL Model (2-2605, i s  a module i n  the 
ORNL Modular Reactor Instrumentation series. Like the other modules of the series, 
i t  has standard connectors and dimensions and has a pin- and hole-code on the rear 
plate so that the module w i l l  not be inserted i n  a wrong location i n  a drawer. The 
module i s  installed by placing i t  i n  i t s  proper location, inserting the module firmly, 
and tightening the thumb screw. The module may be plugged i n  with power on with- 
out damage. 

3.2 Operating Controls 

A balance potentiometer and pushbutton for each section of the Dual Opera- 
tional Amplifier are located on the top of the module, accessible when the drawer i s  
pulled cut. Depressing a pushbutton connects one of the amplifier stabilizer outputs 
to an external balance indicator, which i s  usually located i n  the top rear of the draw- 
er. This arrangement permits the use of a single indicator for several amplifiers. At 
approximately monthly intervals the balance of each amplifier should be checked and 
adjusted i f  necessary by turning the balance potentiometer adiacent to the pushbutton 
depressed unt i l  the balance meter indicates zero. 

3.3 Connections 

All connections to  the Dual Operational Amplifier are made through the rear 
connector P2 when the modu le i s  inserted. 

3.4 Operating Procedures 

The information i n  this section i s  general operating information which w i l l  help 
maintenance personnel to rapidly isolate amplifier troubles and eliminate causes of 
apparent faults which might be due to improper amplifier usage. 
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3.4.1 Amplifier Balancing 

The amplifiers should be periodically balanced to  ensure accuracy. Under 
norma! circumstances, the amplifier wi l l  remain balanced for per ids of weeks. Wow- 
ever, at intervals, it i s  desirable to check this condition, and i f  an amplifier is found 
to be unbalanced, then an adjustment should be made. The period between balance 
checks depends to a large extent on the application of the amplifier. 
might be unusually sensitive to amplifier unbalance or integrator drift, the amplifier 
should be balanced more frequently. In any case, maintenance personne! should recog- 
nize that many amplifier and network marfunctions can be detected by checking the am- 
plif ier balance. Consequently, i t  i s  recommended that a check of the amplifier balance 
be made biweekly. I f  the check indicates that the amplifier balance i s  within toler- 
ance, no adjustment need be made. 

For uses which 

An amplifier i s  balanced as follows: 

1 .  Connect a metering circuit equivalent to that shown i n  Figure 3a to the amplifier 
balance output terminal (pin 5 of the amplifier connector). 
for this purpose i s  designated Q-2631 i n  the Modular Reactor Instrumentation series. 

A printed circuit unit 

2. Depress the pushbutton and rotate the balance potentiometer (see Fig. 1) for the 
appropriate amplifier unt i l  the minimum deflection i s  noted on the meter. 

Init ially, due to component aging, more frequent balancing of amplifiers may 
be required. 
ambient conditions (or extreme change at the same location) may also necessitate bal- 
ancing for optimum performance, 

Movement of the amplifier to different areas with extreme change in  

3 -4.2 External Time Constants 

To maintain the frequency and phase shift characteristics specified for the am- 
plifier, the input and feedback networks must incorporate the correct t ime constant. 
This time constant i s  4.7 p e c  for the model 6.720 amplifier, and Q small deviation 
from this value can cause significant phase errors at. higher frequencies. 

This characteristic i s  illustrated i n  Figure 3b, which i llustrates a typical exum- 
ple of the amplifier used as an inverter. 

The forrmrJ1cr far time constant is: 
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a .  Amplifier balance monitoring circuit. 

‘ I  * 
1)  

Ir 

b. Typical inverter connection. 

Fig. 3. Amplifier Balance Monitoring Circuit and Typical Inverter Connection. 

P1 J1 8.2K - 

r 

- 



Since the t i m e  constant i s  known (4.7 pec), and R i s  a function of the gain desired 
from the amplifier, the capacitance C remains as the unknown: 

Since the va l i~e  of R w i l l  normally be i n  the kilohrn range arid C wi l l  normally be in 
picofarads, the equation can be further simplified to 

where R i s  i n  kilohms and C i s  i n  picofarads. 

As an example, an amplifier i s  connected to provide a gain of 5 with a 10- 
kilohm input resistor and Q 50-kilohm feedback resistor. What value of capacitance 
should be placed i n  shunt with each resistor? For the input resistor 

c = -  470Q = 470 pf. 
10 

For the feedback resistor: 

= 94 pf. 4700 c = -  
50 

Even slight variations i n  the winding capacitance of wirewound resistors can 
cause considerable gain and phase errors, even at low frequencies (1 kc). 
positioning of wires associated with summing junction and output circuits might tend 
to  influence frequency response. For this reason, it i s  desirable to make one of the 
capacitors variable in  applications where amplifier frequency and phase shift charac- 
teristics are cri t ical.  

Also, the 

4.  MAINTENANCE INSTRUCTIONS 

4.1 General 

- 
I he Ducal Operational Amplifier module i s  designed to operate continuously 

with a minimum of maintenance and adjustment 
p e r i d i c  balancing CYS described in  Sect. 3 -2 ,  "Qpercating Controls ." N o  specific 
periodic maintenance i s  required. 

The only adjustment required i s  



4.2 Trouble Analysis 

The amplifier i s  used with several different types of networks depending on the 
operation i t  must perform e Unsatisfactory performance by an operational amplifier 
could be due to a network malfunction. 
interchanging suspected networks with ones that are known to  be good. 
erational amplifier usually identifies itself immediately. 
fier fails, the output voltage of the amplifier characteristically flops to its plus or 
minus l i m i t  (up to *I3 v, depending on the load). 

The malfunction can usually be isolated by 
A faulty op- 

I f  a component i t 1  the ampli- 

4.2.1 Failure to Balance 

The most common indication of unsatisfactory amplifier operation i s  failure to  
balance properly. If an amplifier will not balance, the malfunction can be traced to 
either the dc section or the stabilizer section with the foilowing procedure: 

1.  Disable the stabilizer section by grounding the stabilizer output at pin 3 or 7 of 
the chopper (depending on which amplifier channel is malfunctioning). 

2. Monitor the output voltage of the amplifier with an oscilloscope or voltmeter, 
and slowly rotate the balance potentiometer. 

3.  The amplifier output should flop between i t s  plus and minus l imits (about i13 v) 
as the balance control i s  turned from one l i m i t  to the other. A slight delay i n  
response is  normal. I f  the amplifier fails to do this, the malfunction i s  probably 
i n  the dc section of the amplifier. If  the correct indication i s  observl 
trouble i s  probably i n  the stabilizer section. 

4.2.2 Trouble Analysis Symptoms and Possible Remedies 

Table 1 i s  a list of symptoms that might be encountered during amp 

d, the 

if ier trouble- 
shooting, and suggests remedies. These remedies are listed i n  order of probability, 
and i t  i s  suggested that the maintenance technician attempt component replacement i n  
this order. 
Table 'I provides information for analyzing and localizing malfunctions. 

Necessary or useful waveforms are shown in  Fig. 4. The last column of 

4.3 Chopper Maintenance 

Readjustment or burnishing of the chopper contacts may become necessary 
after about 2 years of service. Routine cleaning, burnishing, or adjustment i s  not 
recommended. Choppers should be serviced only i f  they give trouble. The contacts 
can be cleaned with ethyl alcohol or other solvents specified for contact cleaning 
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a. step 3 b. step 3 

Sensitivity: 2 v/cm; sweep speed: 5 msec/crn 

c .  step 4 d .  step 4 

Sensitivity: 1 mv/cm; sweep speed: 5 msec/cm 

e .  step 7 

Sensitivity: 1 mv/cm; sweep speed: 5 rnsec/crn 

Fig. 4. Trouble h a l y s i s  Waveforms (Typical) Taken ut Stabilizer Output, 
PI Pin 5, 
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Table 1 .  Trwbkshaotlng lnformatlan far Dual Opardlonal Ampl l f ln 

~ 

POSSIBLE CAUSES 
WAVEFORMS (In order of 

STEP TROUBLE (we Fig. 4) prcbability) COMMENTS 
_I.__ _l_l_ 

High-frequanc/ m i re  i s  a problem 
charactarirticolly cmwd by o dc ""pli- 
f ier  component foi I",. . 
Low-fraquancy noise i s  gewrolly cwrad 
by D stabilizer nmplifisr component 
foi I",. . 
There symptoms indicate that the rtabi -  
1iz.r i s  ""&la to correct the rurnrning 
junctian error; c b c k  the (sodback loop 
corsfully, then tha dc amplifier com- 
ponents. 

This problem i s  gansrollv couled b y  o 

stabi l izer amplifier component. Also 
mamine the choppar a d  the rtabil izat 
oulput filter. 

Thir type d failure con ccuie related 
failures; check the wtpt itage com- 
pletel, befora returning the amplifier 
to service.  

Offset i i  raured mort frequently by 
leakage thrwgh C i 2  

P,inging on stabilizar output may cnusn 
an apparent offiat or impalr low- 
frsqusocv rerponie; con ba cmrsd by 
o wide change i n  d u e  or on open in 
C I I .  

I f  the I -kc gain i s  $lightly out of t d w -  
ancc, 01 w Q2, or R6 ore the most 
probable cwrer; i f  the gain at this fre- 
quency i s  coniidetoblv out of roleronca, 
C3 is the mart probabls C W I ~ .  

Check all phming n e t w o r k  cwefully . 

I High-Frequency mirs PI; othsr dc omplifiw 
tromidorr; CR3 

08; Q9; QIO; Q l l  Low-Frequency noise 

No balnnca, high stabl- 
l i ter output 

Feedback re-lislu cot con- 
nected ccwectly; DSI, DS2, 
DS3 open; dc omplifisr tmn- 

ai -c)5 

No beloncs, M rtabilixer 
0"lp"t 

Stabi l i rar  tranrirtar 
QB-Qi 1 

ca open 

Shutcd tranr i i tnr  Q5, Q6, 
Q?. CR3 open; C12 open 

4 C 

5 Excessive w t p l t  currant 
(DSI -DS3 il lumimtad) 

Offset C12j CRI, CR2 

Ringing on stabilizer 
output 

C I I  

8 I-kr goin ir wt of tolar- 
a x e .  I O  and lo0 cycle 
goin in  tolwnnce 

Q1, Q2, 03, R6 

? IO and 100 cycle and 1 kc 
gain out of tolerance 

IO Jitter on balance meter 

I I  Slow overlmd recovery 

Q3, C5, R10 --- 

CI open 

CRI ar CR2 ?en 

--- 
Slow recovery from + (input) o v c r l d ,  

put) overload. CR2 faulty. 
CKI faulty; slow recovery from - (in- 
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Burnishing should be done only with bonafide contact burnishing tools or cloth, never 
with ordinary files or abrasive paper. After being cleaned or burnished, the contact 
adjustment should be checked and readjusted as necessary. Usuul Iy adjustment alone 
w i l l  be sufficient since the contacts are largely self cleaning. 

4.3.1 Chopper Adjustment 

A simple test j ig (Fig. 5) i s  handy for checking and adjusting choppers. Slide 
the cover from the i i y  after removing the phillips-head screw i n  the top. Install the 
chopper i n  the test-jig socket, or substitute, and attach cl ip leads to the drive-coil 
terminals. Energize the coil with 6.3 v ac, 60 Hz. Connect an ohmmeter (Simpson 
260 or Triplett 630, or equal) between one of the vibrating contacts (pin 2) and one 
of the fixed contacts (pin 1) .  Ignore the ohms scale and read one of the linear voltage 
scales on the multimeter. It should indicate 45% of fu l l  scale (for example, 135 v on 
a 300-v scale). This i s  a measure of the dwell time of the contact. I f  the dwell time 
i s  incorrect, adjust the fixed contact unt i l  the dwell i s  45* 2%. Repeat far the other 
fixed contact (pin 3), and then recheck pin 1 because some interaction might occur. 
Repeat for the other set of cantacts, pins 7, 8, and 9 .  An oscilloscope can be con- 
nected directly i n  parallel with the ohmmeter to look for contact bounce or poor com- 
mutation. In  this way the ohmmeter supplies voltage for viewing on the oscilloscope. 

0.XVL WGa 68-11162 

SOCKET- TOP VIEW 

6.3 v a c  
1.2 amp 

7 3  
6 . 3 v a c  - 
D R I V E R  2 

CONTACTS - 
9 1  

CHOPPER - -Top V I E W  
Showing relative location o f  contact 
adjustment screws. 

lead 

(Inside box) 

Fig. 5. Chopper Test Jig. 
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5. REPLACEABLE PARTS LIST 

A brief description of each part for the Dual Operational Amplifier and a 
manufacturer's number are listed i n  Table 2. Where applicable, a reference symbol 
(schematic designation) i s  included. 

The category column indicates the availabil ity of each listed part so that a 
replacement part can be obtained as quickly as possible. The components i n  category 
A are standard electronic items that are usually available from any commercial elec- 
tronic supplier. To expedite obtaining items of this nature, i t  i s  suggested that they 
be purchased from a local source whenever possible. These parts can also be ordered 
from E AI. 

The components i n  category B can be obtained from EA1 or any of the listed 
However, i n  most cases, EA1 offers the most rapid service on these manufacturers. 

items. 

The parts i n  category C are custom-made components and proprietary items 
that are available only from EAI. When ordering items of this type, please specify 
the type number and serial number of the basic unit i n  which the part i s  located, as 
well as the part identification. 

Where possible, sufficient information i s  given for category C items to permit 
an electrically-similar replacement part to be obtained locally. Thus, i f  desired, a 
temporary repair may be made while the exact replacement i s  being obtained from EA. 
Hawever, EA1 does not guarantee that the affected unit w i l l  operate within specifica- 
tions when the specified category C part i s  not used. 



Par9 N o  

5101, 201 

R109, 209 

ClOl .  201, 102, 202 

C103, 203 

Cl04, 204 

C105, 205 

C106, 206 

C107, 207 

cim, zrg 

c 109, 20P 

CIIO, 210 

c111, 211 

CI I2 ,  212 

C13, 14 

C15 

C16 

CRIOI, 102, 201, x)? 

CR103, 203 

D l  

DS 101, 102, 103 
201, 202, 203 

Q1, 3 

0 2 ,  4 

Q5 

Q6 

Q7 

Q8 

Q9, IO, 1 1  

R l O l ,  201 

R102, 202 

R103, 203 

RI0.I. 208 

RI05, 205 

5vitcli. push: rromectniy conlnct, SPST, mrmnlly open; 
Groyhi 11, Inc . ,  type 30-1 

RPsidor, variahle composition: 5O.W nhmi * 30%; 
Chirngo Telephone Cipply Co., series 70, N o .  Hli1860 

CoQCCi lOr ,  fixed, cerornic: 
Cotrol l  -Dubi l i r r  LI O T I  

Capmitor, fixed, plottic: 0.0033 pf t 516, 200 wvdq 
Spagve I92P.33252 

Copocitw, fixed, plastic: 1 pf f 5%. 25 wvdc; EN 

Copocilor, fined, e l e ~ l r o l y t i ~ :  300 yf - 10% +lOG%, 
3 wvddc; IntCrnotinnol Electronics 

Cnpoiiror, fired, plarlic: 0.033 pf t 20%, 200 wvdq 
Sprag,e 192P33392 

Capocitar, fixed, ceramic: 
Corm I I-Dvbi lie, C lOQ22C 

Cnpncitor. fixed. plar l ic .  0 5 pf i 516, 25 w d c ,  EA1 

Cnpocilor, fixed, ~ e r o m i c :  0.02 pf -4051, 46096, 1 9  
iwdc; Crnt io l  ab DDM-203 

Capwitor, fired, CleclmIytic: 47 pf t 20%. 50 w d c ;  
Spoque 15oD475XO05OB2 

Capocitcr, f ixed, ccrornic: 0.01 pf -40% '&I%. IW 
wdc, C-ntrol ob DDM-103 

Capacitor, f ixed, electrolytic. 
6 wvdc; lnternotionol Eleclronirr APS-102 

Capacilor, fined, electrolytic. 
.w,dc; 5praqve I MD107XOOZO-Z2 

Capmitor, fixed, electrolytic: 
wvdc, $rogue 15ODIO7X002O-S2 

Copacitcr, fixed, ceramic: 0.01 pl t IO?$, 25 v w 
150 Y 

Diode, i i l icon:  

Diode, germanium: Clevite CTW62 

Chopper: 
specifications; Jomer Eleclronici C-2335 

Lornp, incandescent. 
colioni; Hudson Lamp Co. 2317 

l ronr i i ta ,  germanium: NPN; RCA 2N2270 

Tranrir la ,  geinanium: PNP; Amporen 2N2654 

lraniirtor, germmiurn: PNP; Amperex 2N2084 

Tronrir la ,  [iccmonium: PNP; Generol Electr ic 2N1925 

Tronrirlor, gwmniurn: NPr4; Toxor lortrurnenli N558 

Tionsirtor, i i l icon:  

Tranri i ta ,  germmiurn- PNP; G m e r o l  Elect r ic  
4 J X l  G655 

Resistor, fixed, comporition: 
1/4 w; Allen-Bralley CE 

Rcii itor, fixed, comporition: 47 kilohmi f 5%. I/4 w; 
Allen-erudlef CB 

Rer:itor, fixzd, cornpoiition: 3.3 kilohrnr + 5%, 
1/4 w; Allen-Brodlry CB 

leiirror, fixed. comporitim: 
1/4 w; Allen-Brodley CB 

Resirtor, fixed, comporilioo: 20 kilohrni f 5%, 
1/4 v; Allen-Brodley CB 

100 pf i IO%, IOOU wvdc; 

22 pf t 109'0, 1000 wvdc; 

I00 pf -IO-, CIOO-, 

100 pf t M%, M 

100 gf t 20%. 20 

Hughes Semiconductor I N459 

6.3 v, 70 FPI, 120 ohm coil, DPDT p e r  E41 

14 v, 0.08 amp, per EAJ specifi- 

NPN; Motorola SMI 136 

3 . 9  megohms f 5%, 

1 .8 kilohrnr t 5%, 

EA1 No. 

3 r d ~  by description 

642 351 0 

515 O I P O  

521 1700 

8521 IM 1 

0516 263 0 

521 181 I 

515 096 0 

8521 I 6 5  0 

515 180 0 

516 264 0 

515 151 0 

516 261 0 

516 210 0 

516 2690 

QRNL 

861 4 007 0 

614 043 0 

C530 042 0 

A578 0 4 i  0 

~ 6 1 3 0 0  

86861290 

8686 131 0 

6.96 091 0 

686 093 0 

Cbs6 IO7 0 

Ct86 I l l  0 

625 395 0 

625 473 0 

625 332 0 

625 182 0 

625 203 0 

B 

0 

B 

n 

C 

8 

B 

n 

C 

B 

0 

n 

n 

B 

B 

B 

A 

A 

A 

A 

A 
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Tabla 2. R.plocs&la Ports List (contiwed) 

- ~ _ _ _  ._ 

I 

Pad No. l h c r i p t i o n  

R106. 206 

R107, 207 

RIW, 208 

R I I O ,  210 

R I I I ,  211 

R I I Z ,  212 

R113,  213 

R114, 214 

R115, 215 

R116, 216 

R117, 217 

RIIS, 119, 218, 219 

R I P ,  220 

R121, 221 

R122, 222 

R123, 134, 223, 234 

R124, 224 

R125, 22.5, 127, 130, 227, 230 

R126, 226 

R12E, R131, 228, 231 

R129, 132, 229, 232 

R133, 233 

R135, 23.5 

R136, 236 

Rsriitw, fixsd, compmition: 1 k ibhm t 5%, 1/4 w; 
Allen-Brodlsy CB 

Rarirta, fixed, compwition: 2.7 kilohmr i 5%. 
1/4 w; Allsn-8rodlay CB 

Rorirta, f i rad,  camporition: 7.5 kilohmr i 5%, 
i/4 w; Allen-&adley CB 

Resirtar, fixed, comporilion: 2.2 megohms t IO%, 
1/1 w; Allan-Brad1ey Cfl 

Rerirta, firsd, composition: 330 ohmr f IO%, 1/4 w; 
Allen-&adley CB 

Rerirta, fixed, composition: 
1/4 w; Al lendradlcy CB 

Resirtw, fixad, compaition: 
Albn-Brallsy Cli 

R s i i r t a ,  fixed, camporition: 4.7 kilohna f 5%, 
1/4 *; Allen-Bradley CB 

Rarista, fixed, compoiilion: 4.7 k i l ohm i IO%, 
1/4 w; Allen-Bradley CB 

Rarirta, fixed, compmition: 
Allendrodley CE 

Rerirta, fixed, composition: 
1/4 w; Allen-Erodky CE 

Rerirtw, (isad, cmpor i t i on  
1/4 w; Allen-lirodley CB 

Resirtar, fixed, composition: 
1/4 w; Allen-Bradley CB 

ReAtm, f i s ed ,  cornpit ion: IO ki lohmr r IO-, 
l /4 w; Allan-Bradley CB 

Rarista, fixad, composition: 8.2 kilohmr t IO%, 
l /4 w; Allen-Brodley CB 

Resirta, fixed, composition: 270 kilahm f 5%. 
1/4 w; Allen-Bradley CB 

Rerictw, fixed, cospositiam 7BO kilohmr t 5%. 
1/4 w; Allen-Erodley Cfl 

Rerirta,  fined, composition: 
1/4 w; Allen-Eiodley CB 

Resirtar, fixed, samporitian: 
1/4 w; Allen-0tedley CB 

Rarirtcr, fixed, composition: 220 ohms f 5%, 1/5 w; 
Albn-Brodley CB 

Rerirta, fined composition: 68 kilahmi i 5%. 1/4 w; 
Alien-Brodley C0 

Rerista, fixed, composition: 4.7 kilohms i 5%, 
1/4 w; Allen-Bradley CB 

Rerirtor, fixed, curnporition: 390 ohmr t IO%, 1/4 w; 
Allen-Brodley CB 

Thermirta: 2Mx) ohms, 0.82 w; Keyrton, 61bon 
Co. RLI651T 

3.3 megohms t IO%, 

I O  kilohmi i 5%. 1/4 w; 

I 0 0  ohmr i IO%, l/4 w; 

68 kilahmr i IO%, 

220 k i l ohm f 109’0, 

27 kilohmr t IO%, 

IO kilohmr i 5%. 

100 kilohrni i 596, 

EA1 No. 
- -- 

625 102 0 

625 272 0 

625 752 0 

625 225 1 

625 331 1 

625 335 1 

625 103 0 

625 472 0 

625 472 1 

625 104 I 

625 683 I 

625 224 I 

625 273 1 

625 103 1 

625 e22 I 

625 274 0 

625 784 0 

625 103 0 

625 104 0 

625 221 0 

625 683 0 

625 472 0 

625 391 1 

Oidar by description 

c a t e g o r y  

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 
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6. ACCEPTANCE TEST PROCEDURE 

5.1 Test Equipment 

The following procedure i s  based on the use of a special test fixture, ORNL 
Instrumelatation and Controls Division drawing number Q-2605-6, The use of the f ix-  
ture i s  not absolutely necessary to adequately test the module, but i t  w i l l  greatly 
facilitate the procedure. The following additional test instruments are required: 

1 .  Special test chassis, circuit Q-2605-6, panel Q-2605-7 
2. Regulated dc power supplies, t-25 v, 4-15 v, and -15 v (all +0.1%) 
3. Voltmeter, 0.1% accuracyI digital or differential 
4 .  Signal generator, sine wave, 20 Hz or less to  5QQ kHz 
5. Osci lloscope, Tektronix 531 , 541, 536, etc . I or equal. 

6.2 Adjustment Procedure 

6.2.1 Visual Inspection 

Check the module carefully for poor connections or solder joints. Slide a 
straightedge along the module bars on the circuit board side to ensure that none of 
the solder parts project beyond the bars. 

6.2.2 Balance 

Plug the module into the test chassis and turn the amplifier switch to amplifier 1 .  

Turn the function switch to the "Ball' position. 

Apply power to the unit and balance each amplifier i n  turn by means of the 
balance pushbuttons and controls on the top of the module, and the front-panel meter 
on the test chassis. Connection to the meter is automatically made when the buttons 
are depressed I 

I t  i s  normal, when the bulance potentiometer is turned, for the meter reading 
to change suddenly and then fal l  back to a steady reading. I f  the meter reading con- 
tinues bo iump or drift after a few seconds, trouble i s  indicated. 



6.3 Acceptance Test 

6.3.1 Output Voltage Range 

The output of the amplifier, as indicated by a voltmeter connected to the volt- 
meter jack, should swing at least *I2 v with no output load. 

Switch the function selector switch to "1.3" and the signal input switch to 
An input of -10 v "-10 V." I n  this connection the gain of the amplifier i s  1.33. 

should then produce plus 13.3 v output or should saturate the amplifier. The voltage 
range of the amplifier i s  satisfactory i f  an output of 12 v or more i s  obtained. 

Switch the signal input switch to "+lO V." The output should be -12 v or 
greater 

6.3.2 

*lo v. 

Out put Current 

The amplifier output should deliver at least 20 ma when the output voltage i s  

Switch the function selector switch to "1 .O" and the signal input to "+lo V." 
The gain is now 1 .O and the output should be -10.0 v. 

Switch the load to 500 ohms. The output voltage shou Id not change. A n y  
change at a l l  i s  indicative of  trouble. 

Repeat the procedure for an input o f  -10 v. 

6.3.3 Frequency Response 

The frequency response of the amplifier when connected as a unity-gain in- 
verter (10-kilohm input and feedback resistors) should be f lat  within 3 db from dc to 
at !east 200 kc. Turn the function selector switch to "Freq." 

Connect a sine wave signal generator to the "Sig Gen" terminals, and switch 
the signal input switch to "Sig Gen." Adjust the frequency to the lowest the generator 
w i l l  deliver and the amplitude to 20 mv peak to peak, as measured on an oscilloscope. 

The output should also be 20 mv peak to  peak. Check the amplitudes and wave- 
forms at several frequencies i n  the range from dc to 500 kc. The gain shou Id not be 
less than Q.7 (-3 db) at any frequency up to 200 kc. 
torted at any frequency i n  the range. Record the frequency at which the response i s  
down by 3 db (14 mv peak-to-peak output). Remove the sine-wave signal generator 
from the signal generator input iacks e 

The waveform should not be dis- 
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6,3 .4  Noise and Ripple on Output 

Noise i n  the spectrum from dc to 300 kc should be less than 400 pv peak to 
Noise in the spectrum from dc to 200 cps should be less than 80 pv peak to peak. 

peak. 

Switch the function selector switch to the llNoise" position, and the amplifier 
selector switch to "Amplifier 1 .'I Amplifier 2 i s  connected internally to have a gain 
of 10 and drive both a high-pass and a low-pass fi l ter. (Note: Noise = E /lo.) 

0 

Connect an oscilloscope to the low-pass filter output (L). The noise observed 
on the oscilloscope should be less than 800 pv peak to  peak. 

Connect the oscilloscope to the high-pass filter output (H). The noise ampli- 
tude should be less than 4 mv peak to peak. 

Connect the oscilloscope to Amplifier 1 ,  output 01 (not through filter), and 
observe the amplitude of the chopper spikes. The spikes should be not more than 2 
mv peak to peak. 

6.3.5 Integrator Drift 

When the amplifier is connected as an integrator (capacitive feedback), the 
voltage drift at the output with the input shorted through a resistor should be less than 
50 mv/sec e 

Turn the function switch to "Int." Connect a sensitive voltmeter to the output 
"DVM. I' 

Recheck the balance of Amplifier 1 (see step 2). 

Turn the integrator switch from "Short1' to "Start," and start timing. In 100 sec, 
the output should have drifted less than 5 mv. 

6.3.6 Stability 

The amplifier should show no signs of instability (oscillating) under a variety 
of loading conditions. 

Turn the function switch to the "Stab" position. The signal input switch should 
be i n  the "Sig Gen" position. Connect an oscilloscope to the output of Amplifier 1 
(scope) and adjust the oscilloscope gain high so that the amplifier noise i s  clearly 
visible. Check to see that no  oscillation occurs for each of the following cases: 
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a. Sum junction C "In," load open 
b. Sum junction C "In, I' load 500 ohms 
c. Sum junction C "In," load 0.01 pf 
d.  Sum junction C "Out," load 0 e 1 pf and 500 ohms 
e .  Sum junction C "Out," load 0.1 pf. 

With the Sum Junction C "In" and a foad of 0.1 pf, oscillation i s  expected. 

6.3.7 Overload 

The amplifier should not be damaged by short circuiting the output. 

Turn the function switch to position "1 .O." Switch the signal input to "+lQ V" 
and the load switch to "Short." Wait for about 2 min. Some of the incandescent lamps 
on the module should be glowing. Switch the load t o  "Open" and check that the out- 
put returns to exactly 10 v. 

Repeat the above procedure for an input of -10 v. 

6.3.8 Amplifier 2 

Change the amplifier selector from "Amplifier 1" to "Amplifier 2" and repeat 
steps 2 through 9. It may be more convenient to test both amplifier 1 and amplifier 2 
during each step of the procedure. 

6.4 Additional Specification Tests 

The acceptance tests of Sect. 6.3 are adequate for routine testing and mainte- 
nance of the amplifiers. Complete tests were originally supplied by the manufacturer, 
EAI,  to  check completely each item of performance i n  accordance with the purchase 
specifications; these are on f i le  in the Reactor Controls Department of the Instrumenta- 
tion and Controls Division. 





' 4  
1 

! '  
29 

ORN L-TM-1638 
Part 5 

1-20. J . L. Anderson 
21. D. S .  Asquith 
22. A.E.G.  Bates 
23. A.  L. Boch 
24. C. J .  Borkowski 

25-34. W. D. Brown 
35-36. C. T. Carney 
37-39. 0. C. Cole 

40. T.  E. Cole 
41. 6. L. Corbett 
42. C. C. Courtney 
43. R .  A. Dandl 
44. J .  T. De Lorenzo 
45. E. P. Epler 
46. C .  5. Harrill 
47. C. F. Holloway 
48. G. A. Holt 
49. W. H. Jordan 
50. W. E. Lingar 
51. C .  E. Mathews 
52. T .  L. McLean 
53. R. V. McCord 

DISTRI WTI ON 

54. 
55. 
56. 

57-59. 
60. 
61. 
62. 
63. 

64-65. 
66. 
67. 
68. 

69-70. 
71. 

72-76. 
77. 
78 * 

79-93. 

94. 

L. C. Oakes 
G. R. Owens 
R. W. Peelle 
W. Ragan 
J. L. Redford 
P. Rubel 
J. B. Ruble 
G. S. Sadowski 
R. W. Tucker 
D. D. Walker 
K. W. West 
H. N. Wilson 
Central Research Library 
Document Reference Section 
Lab or at or y Records De pa r tm en t 
Laboratory Records, ORNL R. C. 
ORNL Patent Office 
Division of Technical Information 

Laboratory and University Division, 
Extension 

OR0 




