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Abstract

This report describes an analog computer designed
for calculations of transient absorption from photo-
graphed recordings of the oscilloscope trace of the
transmitted light intensity. The computer calculates
the optical density OD, the natural logarithm of OD,
and the natural logarithm of the difference between the
limiting optical density ODoo and the actual optical
density, and the reciprocal of the optical density. The
calculated values are displayed on a digital voltmeter
or recorded on an XY-recorder. Accuracy and linearity
of the individual computing circuits are discussed and
the overall performance of the system is demonstrated.
In the appendices a user's manual is given.

The computer was especially developed for analysing
oscilloscope photos from radiation chemical pulsed

radiolysis.
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1. INTRODUCTION

In spectroscopic investigation of short living chemical species, e.g.
at pulse radiolysis, a light beam is widely used as the examination tool tfor
observing changes in absorbance due to radicals formed by stopping of a high-
-energy electron beam in a transparent solution. The resulting time-dependent
change in the transmitted light intensity is measured by a photomultiplier,
the output of which is measured on an oscilloscope, fig. 1. The oscilloscope
trace is photographed by means of a Polaroid camera, and from the picture in-
vestigations of the kinetics are carried out either manually with a ruler and
subsequent calculations or by enlarging the photograph for automatic reading
and mathematical treatment in a computer. This examination of the experimental
results is tedious and laborious and cannot be performed during the experiments.
By using the small computer to be described the most significant data can be
derived immediately after the exposure. The computed data are either displayed
on a digital voltmeter or plotted on an XY-recorder with the abscissa as the
time axis,

The analog computer unit is relatively inexpensive to produce and the com-
puting accuracy is within a few per cent, depzndent on the mode of operation,

fig. 8.

2, DESIGN PHILOSOPHY

In a pulse radiolysis system the sample, a transparent chemical solution
contained in a small glasscell, is irradiated by a single pulse of electrons
from an accelerator, An analysing light passes through the solution into a
monochromator and a photomultiplier, fig, 1., The converted light intensity
signal from the photomultiplier is during - znd a few microseconds after - the

electron pulse observed on an oscilloscope.
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In the typical pul:ze radiolysis set-up the analysing light level Io is
measured as a de voltage on a digital voltmeter, while the absorption signal
I is measured as an ac signal on an socilloscope at high amplification. A
single oscillo:icope photogruph is exposed, containing all the informations
about the abiorption at that given wavelength, see fig. 2. With the small
computer equipmsnt calculatiors on the kinetics can be performed soon after
the photograph has been taken, and changes in the experimental conditions may
be carried out during the experiments,

The degree of complexity of mathematical treatment required for a reliable
quantitative interpretation of rate curves observed in pulse radiolysis depends
upon the complexity of the kinetic system under the specific conditions, It is
generally desirable to select these conditions so that a given elementary reac-
tion will nearly completely predominate. In such cases, the abtsolute rate .con—
stant may be determined from a simple graphical and mathematical analysisl).
There are many varianic of the simplest cases, and frequently the degree of

complexity may recuire Lhe o

e of @ computer to determine rate constants ad-

equatcly.

DIGITAL VOLTMETER.

A first caleulation on the trawsmitied light intensitie: Io amd I i
the evaluation of the optical density D, which is the fipure uced for the
further calculations. It is desirable to have this figure computed with an
accuracy of about ”%. iIn the calculation of the absolute rate conctant, a
plot of 1nb versus time will in unimolecular - or pseudo-first-order - reac-
tior show a straight line. In the same circumstances it is of interest to
evaluate the 1n(Doe -D) plot. Here the Doo represents the limiting optical
density attained on the time sicaie of the observed reactiun as represented by
the plateau in the absorption versus time curve, i.e. the plateau on the trace
on the oscilloscope photograph. In second-order reactions the rate constant
may be determined from the slope of a straight line obtained by plotting 1/D
against time. In the computation of the natural logarithm and the division an
accuracy of about 3% is desirable. The demands of computing accuracy may be
regarded from two points of view, (i) the accuracy in reading the oscilloscope
photograph, (ii) the computing accuracy for a given input signal.

As the moving board of the XY-curve tracer is manually operated and as
the oscilloscope trace in fact appears with a finite thickness, the accuracy
and reproducibility of the analog computer output signal to a great extent de-
pends on how carefully the oscilloscope photograph is read. Assuming a thick-
ness of the trace of 1 mm 2 reading accuracy within 0.25 mm may result in an
error of about So% for the smallest value of D and about 1% for the highest
value. But as the input to the computer, i.e. the absorption signal "h", can
be measured on the analog computer digital voltmeter output terminal, al; the
calculated values may be referred to this signal. On this background the com-
puting accuracy is defined at the values statea above.

The computer should be capable of treating photographs of different am-
plification factors (scale factors) of the order of l.o to S.a, i,e. varying

light intensity I0 and different amplification on the oscilloscope measuring o,
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and yprovide an optical density range of 0.0l to l.o. The curve tracer feeding
the computer from the oscilloscope photograph should be manually operated and
designed for photos with an overall size of 3 1/k x 4 1/4 inches, and with the
trace within an area of 5 x lo cm.

The specifications of calculation accuracy should hold for a room tempe-
rature of 20°C - 5°C, + 10°C. The equipment should be easy to operate, and

inexpensive in fabrication.

5+ CONSTRUCTION

3,1, The Manually Operated XY-Curve Tracer

The manually operated curve tracer is a moving board with a fixed-position
pointer. The board is fitted with two potentiometers as linear transducers for
the X and Y coordinates. The X-axis potantiometer, lo cm long, and the Y-axis
potentiometer, 5 cm long, are 1 kn b % wire-wound sliding potentiometers with
.".a linearity of * o.4% and a resolution of 1.1%°/o0 and 2°/co respectively of the
. total resistance. The potentiometers are fed from a lo V dc reference voltage

generator. The output voltage from the potentiometer at the X coordinate, the
time axis, is fed directly to the output terminal, the loading of which should

not be less than 25 k1 .

2.2. Evaluation of the Optical Density D

In the calculation of the optical density it was a requirement that photo-
graphs with scale factors up to 5 could be prepared. This in fact might be re-
garded as a change in the loo% light intenaity Io and thus a change in the volt-

age to the Y-axis potentiometer,
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By incorporating the scale factor Q into Io, the loo% light level, Io may be

Da-

'

written as: I =Q+ I and D = - log (1 - h ) .
o [¢]

Q+I°

The electrical analog to the equation apart from the negative sign is

shown in fig. 3:

€
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The absorption range of o.ol £ h £ 0.9 gives an optical density variation
of o.00436 < D £ 1.0. In the electrical analog the logarithmic amplifier gives
‘an output ranging from 4.%6 mV up to l.o volt. When using Philbrick-Nexus log-
arithmic module 4357 a linearity of 1% of reading is guaranteed. A rated off-
set voltage variation with temperature of o.l mV/OC results in an output voltage
change of 2 mV in the desired temperature range, or So% of the minimum signal
to be measured. By adequate trimming of the logarit}unic amplifier a somewhat
better linearity can be achieved, but the offiset voltage error is too big for
acceptable operation. On account of this error the computation of the optical
density in the lower range is performed by using the series representation of
the natural logarithm function. ‘i‘his evaluation can easily be made accurate
enough for values of the optical density overlapping the acceptable lower values
of the logarithmic amplifier. The Maclaurin series representation of the base

ten logarithm of the electrical analog signal is as follows:

Lg(1-x)- 043436 (1) = 043h3(~x~ 1" ~ fx* ...) 5

Ly 1~ i) = aHHs(la) 715 ) + 0 B (e .

By using a corrected constant (0.2736) for the second term and excluding
the cubsequent terms the series can be made to fit within 1% in the desired
range. Fig. 4 shows the electrical network for the series generation of the

same signal as fed to the logarithmic amplifier.

0.4343 v

0. 2
Ro 2736 v

~(Egev)oEgqe v
SUBTRACTOR .
lto-'

MULTIPLIER. 0.6343v40,7736v2

SUMMER.

FIG.4.

A high accuracy multiplier, Analog Devices model 40GK, hao a rated non-
-linearity of 0.07% of full scale deflection, which coutributes to 0.1%6 of
the accuracy of the smallest output signal. The output offset drift is 150 pV/DC
which amounte to 3 mV in the temperature range of operation. This offset error
is in fact too big, but by increasing the input signal v by a factor of lo and
division by 1o after multiplication and summing this influence is reduced to
less than 2% of the smallest value of the optical density.

A combination of the two alternative methods of computing the optical den-
sity turns out to offer the most accurate and reliable performance., A high gain
comparator driving a mercury-wetted, recd relay contact was adjusted to switch
on a certain level of the input voltage v where the curves for the log. ampli-
fier and the multiplier were considered to cross. [Two comparators conrected in
a logic to sense both on the level of v and on the two output signals were found
not to add to a more accurate operation because of a final accuracy by the manual
operation of the curve tracer. The block diagram of fig. 5 shows the circuit

for the evaluation of the optical density from the absorption response.

0.4343v

SUMMER. AMPLIFIER.

COMPERATOR.

F1G.5.



The reed relay, a Clare type HGRM~17211 TOC, with mercury-wetted make
before break contacts has no contact bounce, which is of great importance.
A contact resistance of 20 mohms will in a load resistance of 1 kohm exhibit
a voltage error of o.02%.

By selecting the resistance value of the K-potentiometer to be 5 kohms
a scale factor of 6 is obtained giving a maximum optical density per unit
length of 0.016 D/cm on the XY-recorder. To avoid loading of the Ro and K
resistors by the subtractor a follower amplifier is used. The common mode
rejection ratio of this amplifier must not be less than 86 ¢B to make the error

voltage diminishing.

3,3. Computation of the Natural Logarithm of D

In the mode of computing the natural logarithm of the optical density,
1nD, an error of about 5% of the reading is tolerated. This makes it possible
""to use a Phillbrick/Nexus logarithmic module 4357 followed by a Phillbrick/Nexus

loo9ol operational amplifier, fig. 6.

x2.303

D >— nD

‘ LOG. AMPL. ANPL.

FIG.6.

Here the offset voltage drift with temperature amounts te 2.5% of the smallest
measured value of 1nD within the temperature range. The non-linearity is 1%
of the reading.

The natural logarithm of ihe difference between the limiting optical den-

sity and the actual optical density, ln(Dee - D), is performed by connecting a

F

subtractor, fed from the circuit computing D and from a potentiometer giving
Doo , in front of the logarithmic amplifier, fig. 7.

The voltage of Dee must be continuously variable between o and 1.0 volt.
In this computing wode a negative signal may be fed to the logarithumic ampli~
fier, making it reverse to a fully negative output, which may be a little con-
fusing in operation. The accuracy of this operating mode is comparable with

that of the 1lnD - mode.

REF. VOLTAGE.

12303

xn--o ‘—_—\Iog(h.-n) in (D ~0)
V .

SUBTRACTOR. LOG.AMPL. AMPL.

F16.7.

3.4. Computation of the Reciprocal Value of D

The computation of one divided by the optical density, 1/D, theoreticaliy
means an outpu{ figure ranging from 1.0 to infinity as the optical density from
1.0 converges against zero. In the electrical analog the output voltage is
limited to the dynamic range of the operational amplifiers and for the logarith-
mic module expecially to ¥ 10 volts. With a high accuracy multiplier in the
division mode an accuraecy as for the squaring mode cannot be expected. For
emall voltage values; of the denominator the noh-linearity is increased be_r.'u 5e
of the increased loop gain. The inaccuracy for the actual smallest values of
the denominator amounts to more than 2o0¥. By ucing a logarithmic module .1
the antilogarithmic mode of operation the inaccuracy is decreased to an a< . spt—

able amount,
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From the minimum optical density to be measured corresponding to 4.3€ aV The linearity of the optical denuily ix kept within the I 1% limit ranging
and the assignments of the logarithmic module e ut = 10~ %in < 1 the output from o.ol up to 0.8 of h; above this value the conformity to the ideal curve is
figure of 1/D has to be multiplied by a factor of 10_5. The mathematical com~ ! 1.5%. In the mode of computing the natural logarithm of the optical density,
putation to be peyformed will then be antilog(log lo_Z - log o.00lt36) = anti- 1D, the ocutput excursion from the ideal curve is 1b from h equal to o.od up to
log(-3 - (=2.3%9)} = 0.229 corresponding to an output veltage of 229 mV. The 0.7; below and above these values the conformity Lo the idezl curve it -1.%
conformity to the ideal logarithmic curve of the log. module in the antilogar- and +% respectively. The dividing mode non-lirearity is - €% from h equal to
ithmic mode is guaranteed to be 1% of the reading, and the offset voltage drift 0.0l up to o.6; above this value the conformity to the ideal curve increases up
in the temperature range accourts for almost 2ok of the smallest value of 1/D. to Zo% at h ejual to 0.9, In the performance test carried out the output signal
The pertformance specification of the lcw output voltages might be improved by for the three different modes is a function of the input signal I -I and the read
the use of an oven for the antilog element. To increase the signal to noise error signal is demonstrated in per cent of the ideal figure, see fig. 9.
ratio in the following circuits ti\e output voltage is multiplied by a factor .
of lo. Fig. 8 schows the electrical analog. 5. REFERENCE

1. M.S. Matheson, L.M. Dorfman: Pulse Radiolysis. M.I.T. Press, 1969.

[ wib

ANTILOG. AMPL. AMPL.

F1G.8.

4, PERFORMANCE

In the rinal construction of the analog computer performance tests in the

- 0. 0 o :
temperature range o ¢! - 5°C + lo C have shown accuracies close to the expected

values apart % L Jdividing mode where the non-linearity at small values of

D exceeds the decired limits,




Appendix 1

Operating Instructions

1, Installation

The instrument must always be placed in a vertical positicn to allow
proper operation of a mercury-wetted relay contact set. Further it

must be noted that the cooling of the instrument should be unimpeded.

1.2. Power Requirements

The instrument may be operated from a 220 V, S0 Hz ac source. A fuse
of 0.25 ampere slow-blow for 220 volt operation is mounted on the rear

panel.

2. Operating Control Functions

The instrument front panel is provided with terminals for the XY-curve
tracer, the XY-recorder, and for the digital voltmeter, and controls

and switches for the adjustment and setting of the calculation modes,

2.1. Power Switch
The power switch turns the instrument on and off, and the monitoring

lamp cshows when the instrument is on voltage.

2+2. POLARITY Switch
The setting of the "POLARITY" switch on "+" or "-" depends on the os-
cillosicope photo. If the oscilloscope base line and the beginning of -
the light pulse are in the lower left corner of the photo, the switch
setting is "-". 1f the bace line and the beginning of the pulse are
in the upper left cornmer of the photo, the switch setting is "+", This
results in a coordinate system with the ordinate to the left and the

abscivsa at the foot of the paper of the XY-recorder,

=

2.5, FUNCTION Switch
By means of the "FUNCTION" rotary switch the computer i: switchea te
the required mode of operation., The read-out on the XY-recorder i:

only dependent on the position of this switch.

2.4,  SELECTOR Switch
With the "SELECTOR" rotarv switch the output termiral for the digital
voltmeter is connected to the computing circuits. Besides, the digi-
tal voltmeter can be switched to two internal measuring points necess-
ary for the operation.
But while the XY~recorder always shows the mode of operation to which
the "FUNCTION" switch is turned, the signal displayed on the digital
voltmeter is not only dependent on the position of the "SELECTOR" switch,
but for some operation modes also or the position of the "FUNCTION"
switch., Setting of the "SELECTOR" switch to lo-h, D, and (Deo -D)
always gives the right figure independent of the "“FUNCTION" switch.
But for 10%/D, -1nD, and -1n (Doo -D) the "FUNCTION" switch mst be

switched to the same operation mode, too.

2.5. SCALE CALIBRATION

By means of the "SCALE CALIBRATION" control all computer cui:bration i:

performed for the actual oscilloscope photo.

2.6, Dog -Control
By means of the "Dea''-control the limiting optical demsity OD .- is ad-

justed,

3. Operating Procedure

3.1, GCalibration of the Analog Computer

No preparation for operation is required except for connecting the cur

tracer, XY-recorder, and the digital volimeter. It is recommended the
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a 15 minute warm-up period be allowed for tne equipment teo reach a
stabilized operating temperature.

Flace the oscilloscope photo on the slide of the curve tracer with the
time axis parallel to the X-axis and the beginning of the trace towards
the operator. The X-axis is the lo cm long movement of the slide. With
the oscilloscope base line, i.e. loo¥ transmission, to the right on the
slide, turn the polarity switch to "-" position.. With the base line to
the left, turn the polarity switch to "+".

With the base line to the right on the photo, push the slide fully to
the left and adjust ine finger screw on the slide to bring the base line
and the start of the light pulse precisely underneath the pointer. With
the base line to the left, the procedure is the opposite.

Now move the slide of the curve tracer until the pointer stays at the
maximum of the trace, maximum absorption hm. Adjust the scale factor
h[mV]/Io[mV] in accordance with the actual picture, i.e. calibrate the
analog computer to the real value of h relative to Io, the non-absorbed
light intensity. The value of h in mV is measured on the oscilloscope
photo. Note that the value of h displayed on the digital voltmeter is
multiplied by a factor of ten. Turn "SELECTOR" to the desired function,
the value of which will be displayed on the digital voltmeter. Note sec-

tion 2.4,

Calibration of the XY-Recorder

3,2,1. Calibration of the X-Axis

Balel

Turn the X-axis sensitivity of the XY-recorder on 0.5 volt/cm, and adjust
the pen to the lelv on the abscissa by the offset control. The time scale

on the XY-recorder is now half the time scale of the oscilloscope photo.

?. Calibration of the Y-Axis

Plotting of b:

With the "PUNCTION" switch on Dy turn the XY-recorder Y-axis sensitivity

on 1 voll/cme Flace the pointer on the Luw fine ol the oucilloscope
photo and adjust the pen to the teginuing of the coordinute cyatem oy
the offset controi. Place the pointer at the maximum of the trace,

hmx' and increase the Y-axis sensitivity until a cuitatle Jdeflection

is achieved. by increasing the sensitivity an ofrset voltage at the

zere point of the X¥-rccordwr and the analog computer ir amplitied, too.

Therefore it in often uece.sary to re-adiust the XY-recorder offiet and

repeat the wceccltivity adjurtment procedure. With the Y-axis sensiiivity

control kact on "cniitrated” it i easy to calibrate the ordinate in D/cm.

Flotting or lo_“/D:

With the "FUNCTION" switch on 10-:/D, turn the XY-recorder Y-zxis sensi-
tivity on 1 volt/em, Because of a high amplification in the computer
when D approaches zero, it is recomwended nuot to adjust the Y-axis sensi-
tivity with the pointer on the base line. Place the pointer at the maxi-
mms of the trace, hmax' and adjust the pen to the beginning of the coor-
dinate system with the Y-axis offset control kmot. Then place the pointer
on the trace appropriately close to the base lire and ircrease the sensi-

tivity until a suitable deflection is achieved. With the corresponding

figures on the digital voltmeter a scaling of the ordinate is rather eas;

Plotting of -L1rD:

With the "FUNCTION" cwitch on -1nD turn the XY-recorder Y-axis sencitivity
on 0.5 volt/em. This setiing of the sensitivity may be convenient for any
value of the scale factor. Place the pointer at the maximum of the trace,

h , ard adjust the pen to the teginning of the enordinate system with

max

the Y-axis offel control know. I a higher wencitivity is more convenient,
then place the pointer or tine Lrave approriately close to the base line

ard increase th: sensitivity until a cuitsble deflection in achieved. With
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the corresponding figures on the digital voltmeter a scaling of the
ordinate is rather easy.

For some settings of the reale factor and with the pointer on the base
line, i.e. D = O, a negative figure may appear. This is an error due to

a high amplification of a small offset voltage in the analog computer.

Flotting of -1n(Doo -D):

Turn the "FUNCTION" switch on D and the "SELECTOR" switch on D.. -D.
Place the pointer on the trace at a posilion corresponding to the limit-
ing optical density ODoo . Adjust the Doo -potentiometer until a zero
reading on the digital voltmeter is achieved. Place the pointer at the
maximum value of the trace, hmax' turn the Y-axis sensitivity on 0.5
volt/cm and the "FUNCTION' switch on -1n(Deo -D). Adjust the pen to the

beginning of the coordinate system with the Y-axis offset control knob.

4, Specifications

4.1. Input Circuits

The X-input terminal is in reality the output from a lo-volt reference
voltage generator feeding the X-axis potentiometer of the curve tracer.
With the curve tracer connected, the X-axis potentiometer arm is directed
to the X-output terminal,

The Y-input terminal is the computer input. The terminal is a lo volt
reference voltage generator in series with a 5k£x lo-turn potentiometer
connected to ground. The Y-axis potentiometer of the curve tracer is
inverted between the lu-volt generator and the Skfi potentiometer, and
the potentiometer arm iz through the "POLARITY" switch fed to a follower

amplifier,

h.:. Output Circuits

With the curve tracer connccted to the X-axis input terminal the X-axis

vecorder autput terminal i the 1 kfd X-axis potentiometor arm, sri i
unbalanced ontput voltage varies linearly between o anmi lo volt prOpOr-
tionally with the movement of the slide in the absciinn direction. With
the carve tracer disconnected, the X-output terminal tloats,

The Y-axis recorder output terminal is an unvalanced, low impedance output
which is short-circuit protected. The voltage range of the output signal
is from o ta lo volts. For switch positions -1nD and 10_8/1) the signal
aiay Le Ligher Lhan io volits {(~u1% volts), wut this signal is inaccurate or
mathematically undetined.

The output terminal for the digital voltmeter (DBYM-output) correspondi to
the Y-axis recorder output terminal except for positions loeh and Deo ~D.
Note that for positions -1nb, -1n{Dee -D}, and lo-'ﬂ/D of the "SELECTOR"
switeh the "FUNCTION" switch must be turned to the same function to get a
reasonable read-out on the digital voltmeter. The voltage range is the
came as for the Y-axis recorder output terminal. The DVM-output terminal

is an unbalanced, low impedance output, which is short-circuit protected.

_10.3. Scale Factor

A scale factor of l.o to 6.0 can be obtained, giving a density range of
¢.08 to l.ooo for full scale deflection of the curve tracer slide, i.e.

a maximum density per unit length of o.0lé D/cm is obtainable.

4.4, Performance Accuracy

4.4,1, Linearity of X-axis curve tracer potentiomer: 1ok,

Resolution: 1.1 o/no.

44,2, Linearity of Y-axis curve tracer potentiomer: = .44,

Reecolution: o o/on.

L3, Computing accuracy related to the celbing U look ab 4 room heaperatur
oy 1
of 20"C:

Computation of D: 2 1.5,



Computation of -lnD:; -l.ok, +3.08.
Computation of -1n(Dee -D): -l.o%, +3.0%.
Computation of lo ~/D: :'ﬂ.

Fig. 9 shows the percentage deviation as a function of h.

4.4k, Temperature Variation
For operation from 15°C to %°C the specifications are as follows:
Computation of D: -l.6%6, +3.7%.
Computation of -lnD: -1.6%, +3.7%.
Gomputation of -1u{Deo ~D}: -i.%%, +3.2%.

e
Computation of 1o ‘/D: -lo%, +31%.

44,5, Testing of Accuracy
By means of table 1 showing the accurate values it is possible to check
the analog computer accuracy. Turn the "SELECTOR" switch on lo.h and
adjust with the curve tracer slide and the scale factor potentiometer a
listed value of lo.h. Turn the "FUNCTION" switch and the "SELECTOR"
switch to the different computing functions and compare with the tabu-
lated values. OCorrections are only possible by trimming of the electron-

ic circuits,

faintenance Lnstructio:

All internal potentiometers are adjusted correctly and no readjustment
should be necessary for a long time. The settings should not be disturted
unles: there is a derinite indication that the circuit is tunclioning in-

correctly. If this happens or if a component has beer replaced, the poten-

tlometers vhould te uct according to the tollowing adjuctment procedure,
before any corrections, allow the instrument to warm up for at least 15 min-
utes.

The following equipmeni may be required depending on the particular
adjustment:

a) Digital voltmeter, R > o0l Mnx.

b) Stabilized de voltage source giving 1 volt % 0.1%.

¢) TLow frequency signal generator, 2o V pp.

d) Oscilloscope, normal service instrument.

The figures in parantheses refer to the measuring points on the printed
circuit boards, see fig. 11 the complete diagram and fig, 12 the power supply.

Table 2 shows the connections on the printed curcuit board comnectors.

1. Power Supply
Set the main power switch at ON, and allow warming-up time. Check Lhe
bt 15 v : 1% power sugply and readjust if necessary on potentiomelerrs R
and R3 respectively.

Check the 1o V 2 0.1% reference voltage and reaidjust if necessary on Kl.

2. Adjustmz:nt of the Optical Density Mode

2.1, The printed cireuit board A, compricing zmplificrs 14 and 24, and the

multiplier module 42k K, must be connected via an extension board.




2.5,

2.6.

2.7.

Remove the sitiap to the positive input of amplifier 1A and short-circuit

this terminal to ground potential, Adjust the offset voltage to zero (20).

Remove the strepy to the input terminals of amplifier ?A and short-circuit
the negative terminal to ground potential. Adjust the offset voltage to

zero (19). Replace the straps.

3y mean:: of the curve tracer Y-axis potehtiometer the output (20) of amplii-
fier 1A iu adjusted to 9.%00 volt. By means of RS the output (19) of

amplifier PA is adjusted to o.loo volt.

Remove ‘the straps at the input terminals, feedback loop, and the output
terminal of the multiplier module 424 K. With both inputs grounded adjust
the offset potentiometer Rl until zero on the output terminal. With a 20 V
peak to peak lo Hz signal connected to the X~input, and the ¥Y-input grounded
adjust the ¥ feed-through potentiometer R2 for minimum output. Repeat by
reversing X and Y inputs and adjust the X feed-through potentiometer R3 for
minimum output. With -lo V dc on both inputs adjust the scale factor with
R4 for exactly lo V dc output. The X and Y inputs refer to the multiplier

module., Replace the straps.

The printed circuit board B, comprising amplifiers 13 and 14, comparator
AD 351, switch amplifier 805, and reed relay, must be connected via an ex-

tension board.

Remove the straps at potentiometers K6 and R7 and short-circuit the input
terminals to ground potential. Adjust the offset voltage of amplifiex 13
‘o vera, With the input ol R? floating, a voltage of l.ooo volt is con-
nected to the input of R6. R6 is adjusted until 43L4.30 mV on the output
or amplifice U4, Repeat with R6 floating and adjust R7 antil 273.60 mV

on the outpul. Replace the ctrapo.

s S

a0 Aajuct the Teedbuck resiclor R of amplirier !+ o maxiaum value,

Remove the strap to the nepative input and srt-cirenit this ter-
minal to ground putential, Adjust the offvel te sero, Donnect

Lo0an volt to the input ond adjust 26 until ijoo.o mVoon the outpat

of the amplifie-. Replace the ctrap.

2.9, Ly mears of K9 adjust the reference voltage for comparator abD S5 o
“.00 volte,
N

2.lo. The printed circuit toard 1, comprising amplifiers i, 1, arnd 2 ana

the log. module %357 must be conunected via an extenusion board.

2.11. Remove the log. module and the straps at the negative input terminals
of amplifiers 1 and 2. The amplifiers are by means of spare reunicstor:s
coupled to an amplification factor of lo, i.e. 1 k .. at the input and
lo k.. in the feedback loop. Short-circuit the negative inputs to
ground potential and adjust the offsets to zero. Remove the spare
resistors and adjust Rlo to loo k. The straps and the log. module
are replaced, and with the curve tracer Y-axis potentiometer adjusted to
make losh equal to 9.000 volts a voltage of 1l.000 volt should be measure:
on the output (16) of the logaritmic amplifier. An inaccuracy may te

corrected by readjusting potentiometer Rlo.

2,12. Remove the strap at the lo k£ resistor at the input of amplifier % and
short-circuit this terminal to ground potential. Adjust the offuet volt

age to zero (29). Heplace the strap.

%, Adjustment of the Natural 1ogarithmic Mode

4, 1. The printed circuit bosrd 2, comprising the amplifiers S, 6, 7, and 8

and the log. module 4257, nust be cornected via on extencion bosrd.
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Ctiset adjustment and sdjustment of amplifiers * and & and log. module

is performed an deceribted in section 2011,

Remove the

ap to the pouitive input of amplifier ¥ and short-circuit

this terminal to pground potential. Adjust the offset voltage to zero
(17). Comunect 1,000 volt to the input and adjust Rl until 2,303 volts

on the output of the amplifier. Keplace the strap.

Remove the rtraps to the input terminals of amplifier 8 and short-cir-
~uit the negative Input to ground yotential. Adjust the offset wvoltage
to zero {8). Short-circuit the positive and negative inputs and connect
a reference voltage of l.oco volt. Adjust RIL until zero (8) on the

output terminal. Replace the straps.

4, Adjustment of the Division Mode

LIRS

The printed circuit board 3, comprising amplifiers 9, lo, 11, and 12

and log. module 43%%7, mu:t be connected via an extension board.

Ad justment of amplifier 9 is performed as described in section 3.h4.
Adjust by means of R13 the 3% volt M 0.9 reference voltage. The straps
at the irput terminals must be mounted during the adjustment of the

reference voltage.

Adjustment of amplifiers 1o and 11 and log. module is performed as de-
seribed in section 2.11. An inaccuracy at the highest output voltage

may be corrected by adjusting the loc kL2 potentiometer R15.

Remove tre otrap to the positive input of amplifier 12 and short-circuit
this terminal to ground potential. Adjust the offset voltage to zero

(12). Connect a 1,000 volt reference voltage to the positive input ter-
minal and adjnst R16 until 16 volts on the ontput of the amplifier. Re-

place the strag.
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Print

lo volt

h

+15 volt

=15 volt

E -v

o
O-~ground
log(Lo-v)
O-ground

Filter output D

Print 3.
-15 volt pin
+15 volt "
logD "
lo /D "
O-ground "
lo volt "
3~logD "

10-3/D "

1.

_hill

12.

1h.

n

"

14

lo.
154,

16.

9.

- "8 -

Print A.

E -v
o}

V2 1"

-15 volt "
O-ground "
+15 volt "
v "

lo volt "

Table .

Print ..

+1% volt

-15 volt

D

pot.meter Doo
Doo-D (f)

lo volt
1nD, 1n(Deo-D)
£

O-éround

logD

LR

"

n

Print B.

v
2
v

-15 volt
O-ground
O-ground
O-ground
+15 volt
E ~v

)

lo volt
1og(Eo—v)

O-ground

n

pin
"
"
”
1"

lo.
12.
14,
16.

26.

22,
23,
2k,

26,



