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Figure 1. Analog Transfer Function Synthesizer. 



AN ANALOG TRANSFER FUNCTION SYNTHESIZER 

INTRODUCTION 

This project was originated by Dr. Makoto Takeo, Professor 

of Physics at Portland State College. Together with his colleagues 

Dr. Takeo was studying the effects of pressure broadening of spec- 

tral lines. Utilizing the large spectrograph at the University of 

Oregon, he made detailed line analyses by using photographic plates 

and a microphotometer. 

The microphotometer consists of an intricate and precise 

mechanical carriage for the photographic plate which moves at a 

constant speed in front of a narrow slit Illuminated by a light source 

of constant Intensity. The light which passes through the slide Is 

focused on a photoniulti.plier tube, the amplified output of which is 

connected to a Leeds & Northrup micro-max strip recorder. the 

intensity distribution within each line is plotted on graph paper in 

this manner. 

One major problem in the analysis of the spectral lines is 

introduced by non-linearities of the spectrograph and especially by 

those of the photographic process involved. Because the uniformity 

and linearity of the photographic process is not predictable, each 

slide must include a reproduction of a step filter, a filter with 

known density gradations. When the step filter intensit ies are 



recorded, a correlation can be made between the actual intensity of 

the spectral lines and the recorder deflection, since the density is 

known for each step on the reference filter. Such a calibration pro- 

cedure can then be used to re plot the spectral line as a true repre- 

sentation of the energy distribution, 

Since the replotting, point by point, of each spectral line 

Is a very tedious and time-consuming procedure taking two or 

three hours per plate, a faster and more direct method is highly 

desirable. The design and development of a device to perform the 

replotting of the curve electronically is the subject of this thesis. 

An electronic circuit will be described which produces a 

transfer function almost precisely opposite to that introduced by 

the photographic process and other non-linearities. When insert- 

ed between the photomultiplier output and the strip recorder, this 

circuit makes the recorder graph a linear function of the i.nci- 

dent luminous energy. To operate properly, such a computing cir- 

cuit requires a signal input voltage greater than the output of the 

phototube and at a much lower impedance. Consequently it was 

necessary to built an amplifier to increase the input voltage, and 

then attenuate the computer output in order to supply the correct 

voltage to the recorder. Due to the long time constants involved, 

approximately one cycle per fifteen minutes, a direct-coupled 
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amplifier was built. A compensating circuit was designed Into the 

direct-coupled amplifier to counteract the shift In the direct cur- 

rent baseline (background level) caused by the variation in film 

emulsion response at different wave lengths. 
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COMPUTER - SHUNT METHOD 

If the transfer ratio of a device could be extensively modi- 

fled at predetermined values of the input function, the result would 

be a transfer function synthesizer. 

The first really promising circuit arrangement from the 

standpoint of simplicity and ease of operation is a shunt diode meth- 

od which is shown in Figure (3). Theoretically the shunt diode 

circuit can approximate any transfer function which does not pro- 

duce a change of over 90 degrees slope and whose change is always 

in the same direction. Its operation is as follows: The output volt- 

age can be changed at will if a controllable method is available for 

changing the resistance R with respect to the input voltage while 

leaving R1 constant. This is accomplished by using five shunt re- 

sistors as R, each of which becomes part of the effective circuit 

only when its series diode is forward biased. Making each shunt 

resistor and each bias voltage on the diodes variable, the shunt 

arm will conduct by steps of predetermined values. Each shunt 

arm conducts whenever the voltage across it is sufficient to over- 

come the reverse bias on the diode. Actually the diode does not 

act as a perfect switch when it is forward biased or reverse biased. 

Figure (5) shows the characteristics of two germanium diodes and 



one of silicon (1N303). It can readily be seen that the silicon diode 

best approximates a perfect switch. The diodes chosen to do the 

switching become an integral part of the circuit; diode character- 

istics vary widely between different types, and these variations 

must be taken into account (1, p. 1094-1097). 

With the shunt diode method, a transfer ratio of the network 

at any voltage can be selected. This transfer ratio will remain con- 

stant until the increasing input voltage activates another shunt arm, 

changing the transfer ratio to another constant value. When the 

next shunt arm becomes an effective part of the circuit the transfer 

ratio will again change. In this way an approximation can be made 

to a given variable transfer curve (function), with five straight line 

segments as shown in Figure (4). 

The bias potentiometer controls the point of conduction with 

respect to the input voltage, and the shunt resistance controls the 

slope of a given straight line segment. 

The equations governing this system, assuming the diodes 

are perfect switches, are developed around the following circuit 

if the designer keeps In mind that a direct extension can be made 

from the one variable shunt potentiometer case to any number de- 

sired. 



PUT 

X Is a linear factor ranging from zero to one which corre- 

sponds to 100% potentiometer rotation, with R3 being the total 

potentiometer resistance. 

E OUTPUT 
transfer ratio T 

E INPUT 

R2 X R3 

R2+XR3 

R 
R2XR3 
R+XR3 

i 
R1(R2+XR3) +.i 

R2 X R3 

i 

__ R1 f -+ i 
XR3 R2 

R1 

_1_+ij 
XR3 R2 R1 

equation I 

7 
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Various ways in which transfer functions are generated by 

different arrangements of the shunt circuit components are shown 

in Figure (6). 

The characteristics of this system are shown by graphs 

which have all been normalized to make comparison and interpreta-. 

tion easier. Figure (7) shows the change in the transfer function 

from a starting value of 0. 9 with rotation of the shunt potentiometer. 

Figure (8) shows the change in the transfer function from a start- 

Ing value of 0. 8 with rotation of the shunt potentiometer. 

The shunt circuit is found to have several objectionable 

features, as follows: 

1- The change in slope (transfer function) is not proportion- 

al to the change in the shunt resistance as evidenced by Figure (7) 

and Figure (8), and equation (1). 

Z- The circuit is not very flexible -- since it is a shunt 

arrangement only a small portion of the last slope change potenti- 

ometer is usable for a low transfer ratio 1f the circuit has been de- 

signed to make the last slope change potentiometer also usable for 

high transfer ratios. If the complete potentiometer rotation usable 

on low transfer ratios is needed, a restriction Is placed upon the 

minimum slope change obtainable because the criteria for the 

extreme cases are conflicting. 



3- The Input and output resistances of the circuit change 

drastically with changes in input voltage. 

4- A departure from straight line segments is obtained if 

the circuit Is not designed so that the resistance change of the diode 

can be neglected in its forward conduction state. Some Interplay 

between the different shunt resistors is experienced if diodes with 

high forward-to-reverse resistance ratios are not used. 
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COMPUTER - MULTIPLYING CIRCUIT 

In order to correct the undesirable feature of a non-linear 

slope change with respect to resistance (potentiometer rotation), a 

so-called multiplying circuit was designed and then tried in a prac- 

tical arrangement, as shown in Figure (10). In operation this cir- 

cult approaches theoretical expectations very closely. The change 

in slope is linear with respect to resistance change (potentiometer 

rotation) over a very wide range, although in the practical circuit 

the price paid is reduced flexibility. If the loading effects of the 

potentiometers were isolated by introducing cathode followers or 

by using large decade changes In resistance between the potenti- 

orneters, with the potentiometers becoming progressively larger 

in 'aiiie an ideal rircuit would result. It is felt, however, that 

the added complication of cathode followers would be unwarranted 

and that the decade resistance change is impractical since six line 

segments are needed. If the first circuit contains a 10 ks potenti- 

ometer, the last potentiometer would have too large a resistance 

value in comparison with the back resistance of any diode readily 

available. 

Analysis of the multiplying circuit is fairly easy if one is 

familiar with the delta to wye transformation equations (4, p. 138- 
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139). By using the delta to wye conversions the circuit can always be 

reduced to a very simple equivalent circuit regardless of the number 

of multiplying potentiometers used. With the multiplying circuit a 

restriction is also placed upon the minimum slope change obtainable 

due to the loading effect of the multiplying potentiometers upon the 

preceding potentiometer. 

The equations governing this system are developed around 

the following circuit and lead to a simple equivalent circuit. The 

diodes are treated as perfect switches. 

IN 

IN 

DUT 

UT 



With the use of the delta to wye equations the above circuit may be 

transformed. 

The delta circuit of Za, Zb and Z can be transformed into 

an equivalent wye circuit by the following equations: 

C 
Za 

DELTA 

ZA 

Z r"1-,B 
B CO 'OB 

ZbZc 
A 

- Za + Zb + Zc 

ZaZc 
B 

- Za + Zb + Z 

ZaZb 
C--7 7 _7 

L.a+ '-b + 

WYE 

By using the above transformation equations the delta branch 

of RZ, R3 and R4 in the multiplying circuit may be transformed Into 

the following equivalent wye circuit: 
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UT 

C 

R2R3 
ZA 

R2+R3 +R4 

R3R4 
ZB 

R2+R3 +R4 

R2R4 

R + R3 + R4 

It Is evident that regardless of the number of multiplying potenti- 

ometers used the circuit can always be reduced to a simple equiva- 

lent circuit of the same form as the one just developed. If more than 

two multiplying potentiometers are used then the delta to wye conver- 

sion must be repeated for each additional potentiometer added. 

The maximum transfer ratio, T max., which corresponds 



¿o 

to the minimum slope change obtainable, is calculated by using the 

equivalent circuit just developed, together with the next potentiome - 

ter in the circuit which is designated as RL. 

IN 

uT 

UT 
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RbRL 
Rb + R + RL 

T max 
Ra+ RbR Rb RL 

Rb+Rc+RL Rb+ R+ RL 

RbRL 
Ra(Rb + R + RL) + Rb R + Rb RL 

RbRL 
- Ra Rb Ra R + Ra RL + Rb R + Rb RL 

Ra 

RL 
+ 

R p R 
+ 

Rg 
+ .!Ei_ + i 

RbRL Rb RL 

i 

R 
+ Ra RC) 

i 

RL Rb Rb 

For easy analysis and comparison with the shunt circuit the 

undesirable features of this multiple circuit are also listed below: 

1- A restriction is placed upon the minimum slope change 

obtainable. 

2- The loading of the circuit is important and may easily 

destroy the transfer wave slope. 

3- In sections of the circuit where the diodes are reverse- 

biased to prevent conduction, a variation of the associated 
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potentiometer setting will change the transfer characteristic. The 

degree of change is related to the load resistance: the smaller the 

load the greater the change from this effect. This effect and the 

loading effect can easily be seen by reference to an equivalent dia- 

gram, Figure (11). These two undesirable features can be greatly 

reduced by using a tube grid as the load, and a low impedance out- 

put can be obtained by using a cathode follower. 

4- The transfer characteristic must be set up going from 

left to right in the diagram. 
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MODIFIED MULTIPLIER 

In order to reduce the effect upon the multiplier circuit as 

the non-conducting potentiometers are varied when a load on the 

output is present, a constant input-to-output terminal resistance is 

needed. This terminal resistance must remain constant when the 

non-conducting potentiometers are varied, but may change value 

when the conducting potentiometers are varied. The most obvious 

requirement of this problem is satisfied by Figure (13). 

The only difference between the two circuits Is that in the 

multiplying circuit, R1 and R3 change value as the slope potenti- 

ometers are varied whereas in the modified multiplying circuit 

they are constant in value. The equivalent circuit for the modified 

multiplier circuit Is developed in exactly the same way as that of 

the multiplying circuit, and because no restriction was placed upon 

Rl and R3 the equations are identical and may be used interchange- 

ably. However, as would be expected, tF equations for the trans- 

fer ratio are not the same for both cases. 

The equation for the Transfer ratio is developed using the 

following equivalent circuit. It should be noted that the transfer 

ratio T is not a linear function of the potentiometer shaft rotation, 

which is proportional to the resistance introduced. This is shown 



27 

by the following equation and Figure (14). 

Rb X RL 

DUT 

Rb+RC+Rd+XRL T- RbXRL Rb(RC+Rd) 

RbRCRdXRL a 
Rb+RC+Rd+XRL 

RbXRL 
RbXRL +Rb(RC+Rd )+Ra(Rb+Rc+Rd+XRL) 

RbXRL 
RbXRLRbRC RbRdRaRbRaRc +RaRd+Ra XRL 

R Rd Ra RaRc RaRd 

XRL XRL XRL RbXRL RbXRL Rb 

i (RRR RaRc RaRd) Ra4 

XRL Rb Rb Rb 
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For easy comparison with the other circuit the undesirable 

features are noted below: 

change. 

1- The slope change is not linear with respect to resistance 

2- The slope change Is adjustable only over limits set by 

the preceding potentiometers, by the top leg fixed resistance, and 

by the bottom leg potentiometer. 
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SERIES CIRCUIT 

In order to have a linear slope change with resistance and 

be able to neglect the change in the transfer ratio as the non-con- 

ducting potentiometers are varied, the circuit shown in Figure (16) 

is used. It Is called the Series Circuit. 

Its principle of operation is based upon Figure (15). If Rl 

and R are both on the same shaft and of identical tapers and if 

the potentiometers are phased correctly as shown In the diagram 

then the Input impedance is constant at Rl R R input. The in- 

put-to-output active terminal resistance also remains constant and 

is equal to Rl R, although the output resistance changes with the 

potentiometer shaft rotation. The resistance can be made constant 

from either direction by using pads, but such an added complica- 

tion is not warranted in this case (Z, p. 247-26Z). 

The equations governing this circuit become progressively 

harder to analyze as the number of potentiometers is increased. 

For this reason a general analysis is made first to determine an 

equivalent circuit that can be extended to any number of cases with- 

out needless complexity. The slope change will be found to be lin- 

ear as shown by the equivalent diagram, with its maximum trans- 

fer ratio depending upon the circuit values. 
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The equations governing this circuit are developed around 

the following circuit. X and Y correspond linearly to the potenti- 

ometer rotation and vary from O to 1, 1 beIng taken as a maximum 

potentiometer rotation. 

r----- 1 E-- 
R1 R2 o-I 

INPUT t I___ I 

pl L__>Ç_J L_ 
(1-X)R1 XR1 (1-Y)R 

oy 

OUTPUT 

p 

YR2 

YR2 

UT 

With the use of the delta to wye transformation equations, 

the above delta circuit is transformed into the following equivalent 

wye circuit: 
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INPUT 

2XR+R1 -X2R-XR1 +XR1R2-XYR1R2 
2XR1 +1 

3XYR1 R2+2YR2 -Y2R 
2XR1 +1 

XYRIR2 OUTPUT 
2XR11 

As Is evident from the equations a detailed analysis is not 

practical and would prove too complicated to provide any insight 

Into the designing problem. For this reason an equation yielding 

the maximum transfer ratio obtainable Is perhaps more important. 

It should be noted that the equivalent circuit is Identical with the 

multiplying circuit, and since the equations for the maximum 

transfer ratio for the multiplying circuit and for the serles circuit 

are identical, the final equation is given here without development. 
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UT 

The symbols shown apply only to the one diagram and to 

the following equations for the maximum transfer ratio. R4 cor- 

responds to the potentiometer whose maximum transfer ratto is 

desired, while R1, R2 and R3 refer to the equivalent wye circuit 

previously developed. 

T 
+ 

i 
R1 R3) R1 

R2 R2 

The undesirable features of this circuit are: 

1- It has a maximum transfer ratio less than that of the 

multiplier circuit using potentiometers of equal value. 

2- For any useable circuit the output impedance Is too 
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high, so that for any practical value of load resistance the attenua- 

tion is too high In comparison with other circuits. 

3- It Is more expensive to build and its characteristic equa- 

tions are too involved to give any real insight into the designing 

problem. 
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FINAL DESIGN 

A computer was built for the University of Oregon using 

mainly the shunt diode method of control. Figure (17) is a schemat- 

Ic representation of this circuit. No slope change over 20% was 

contemplated for a given straight line segment in this particular 

application. Slope in this case may be visualized as a plot of out- 

put versus input voltage and so may be interpreted as the transfer 

function. With the above restriction the simplicity of operation of 

the shunt diode method far surpasses that of the other circuits. 

Although the slope change Is not linear with respect to potentiome- 

ter rotation it does not deviate too severely, as shown by the graph, 

when only a small change in slope is required. The computer built 

for the University of Oregon uses five shunt and one modified mul- 

tiplying circuit for control. The modified multiplying circuit follows 

the first three shunt circuits so that greater flexibility and control 

of the remaining two shunt circuits can be obtained by partially iso- 

lating them. In this way it was possible to use five shunt circuits 

and still obtain a large change in the transfer function with the final 

two shunt circuits. 

A fixed resistor which establishes the maximum slope change 

obtainable was placed in series with each shunt potentiometer, per- 

mittirig the entire rotation of the potentiometer to be used. The 



computer uses six slope controls, five shunt and one modified mul- 

tiplying; with the amplifier gain control establishing the first trans- 

fer ratio, seven straight line segments can be used to match any 

transfer function desired. The D. C. amplifier has a maximum gain 

of ten with provisions for a base line shift correction. Silicone corn- 

puting diodes are used for switching, and the bias battery Is a 

twelve-volt car-type lead-acid storage battery. 

A twelve-volt automobile battery was chosen because of its 

universal use and because of its ability to maintain a constant volt- 

age under a load of approximately two amperes for considerable 

time. The computer accuracy is directly dependent upon the con- 

stancy of the bias battery voltage since the bias voltage on each di.- 

ode determines its respective break point (voltage at which it 

starts to conduct). Twelve volts were chosen as the bias battery 

voltage because it allows the particular diodeB used to approxi- 

mate ideal switches. If a lower voltage Is chosen then the voltage 

differential necessary to cause. a distinct transition from a high 

to a low resistant state is significant in comparison with the ac- 

tual bias voltage. When this condition exists a sharp break does 

not occur from one line segment to another; instead a gradual 

transition takes place. In many applications this gradual transi- 

ti.on is highly beneficial because it allows a closer fit to the 



actual transfer function required. However this is not desirable 

in the computer for the University of Oregon application where the 

initial transfer function can be set up more easily if a distinct tran- 

sition occurs between line segments. 
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Figure 19. Microphotonieter and rack mounted computer. 

Figure 20. University of Oregon's Spectrograph. 
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DIRECT-COUPLED AMPLIFIER 

In order to. isolate the computer from its input and provide 

a low impedance output an amplifier is needed. Since the appara- 

tus with which the computer i.s to operate in conjunction has a period 

of approximately fifteen minutes, a direct-coupled amplifier is re- 

quired. This amplifier must have a provision for zero adjustment 

in order to separate any quiescent voltage from the signal voltage 

(such as in photo tube applications); it must also provide enough am- 

plificatlon so that the computing circuit will operate properly. 

To isolate the computer two cathode followers are needed - - 

one to provide a low impedance input to the computer and the other 

to provide a low impedance output without loading the computer. 

To provide both amplification and separation of the quiescent 

voltage from the signal voltage, two triodes are used with their 

cathodes sharing a common resistor. This type of amplifier is 

called a difference amplifier because it yields an amplified output 

which is the difference between the signals to the two grids (3, p. 

113-117). One grid is used for the signal input while the other grid 

is used to cancel any changes in the background level with a base 

line shift compensation voltage. The output signal is either in phase 

or 180 degreed out of phase with the input signal, depending upon the 
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plate from which the output signal is derived. Both plates have 

the same effective load resistance so that the output signal from 

the difference amplifier may be phase-inverted merely by ex- 

changing (switching) the two plate loads at their respective plates. 

By phase inverting the signal at the difference amplifier stage and 

reversing the diode and battery polarities an output signal of oppo- 

site polarity to the input signal may be obtained without the use of 

auxiliary equipment; this modification, however, would necessi- 

tate rewiring the present model. 

The greatest disadvantage of direct-coupled amplifiers is 

the inherent instability associated with the direct coupling. The 

characteristics of the tubes in the circuit change slightly with time; 

the filament voltage and rectified power supplies, operated from 

the A. C. line, also experience time variations. Since such changes 

are amplified, the D. C. amplifier is not feasible unless precautions 

are taken which tend to overcome this instability. 

Compensation for the slight change in tube characteristics 

*ith time and replacement is accomplished by the gain balance, the 

D. C. shift, and the output balance controls. The characteristic 

changes of the tubes is negligible during a plot and therefore these 

controls rarely need to be readjusted. When the gain balance poten- 

tiometer is correctly adjusted the gain of the difference amplifier 
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does not affect the D. C. level of the output signal. The gain balance 

potentiometer is correctly adjusted when the voltage across the gain 

potentiometer is zero with the gain adjusted to its minimum. Since 

the voltage across the gain potentiometer Is zero there can be no 

change in current as its resistance is changed, and therefore the D. 

C. level does not change as the gain is varied. The gain varies 

from a minimum of four to a maximum of ten. The D. C. shift con- 

trol provides adjustment of the computer input voltage by control- 

ling the bias voltage on the computer input cathode follower. It is 

adjusted so that the computer input voltage is zero when the quies- 

cent input voltage is applied. The output balance control merely 

provides an amplitude adjustment of the output signal. 

The rectified power supply is a simple full-wave voltage 

doubler employing a series tube as a voltage regulator which in- 

sures a constant voltage output regardless of line voltage or load 

current variations. The regulating action is obtained by compar- 

Ing a fixed fraction of the output voltage with a standard voltage 

source, in this case a -150 volt electronically regulated supply. 

Any difference between the two is applied degeneratively after am- 

plification by a high gain D. C. amplifier to the control grid of the 

series voltage control tube. This electronically regulated 350 

volt power supply does not vary more than 0.2 volts over its 
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entire operating range. Because it was desirable to operate the 

computer with a large amount of negative cathode feedback and be- 

cause of an input signal near ground potential, a negative supply 

was necessary. This voltage was chosen as -150 volts because it 

was additionally needed for auxiliary equipment and would allow al- 

most equal positive and negative voltage division of the 350 volt 

regulated supply. In order to provide regulated voltage outputs 

with respect to ground for auxiliary equipment, an electronically 

regulated supply was employed. This -150 volt regulated supply 

was applied to the 350 volt regulated output of the voltage doubler 

to improve its self-regulating characteristics. A voltage regula- 

tor (V. R.) gas tube was used as the standard voltage source in this 

case. The electronically controlled auxiliary voltages of ¿00 volts 

and -150 volts are designed to provide 40 milliamperes and 22 

milliamperes output current respectively. 

Provision is made to connect the filaments of the amplifier 

to the computer bias battery, a high capacity lead storage battery, 

if power line variations warrant its use. A ten percent increase 

in the heater voltage for oxide-coated cathodes has the same effect 

as a cathode potential decrease of approximately 100 millivolts, al-. 

though this figure is subject to some variations from tube to tube 

(5, p. 421-424). If this change in the effective cathode potential Is 
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not compensated for, the output of an amplifier will shift approxi- 

niately by the product of its gain and this equivalent cathode -poten- 

tial decrease. Although there are means whereby this variation can 

be effectively cancelled, these are much more complex than the use 

of a simple direct current constant voltage battery since this bat- 

tery is already available as a computer bias battery. 

To provide a shielded high impedance switch for the signal 

Input and output terminals a coaxial relay was used. It is operated 

from the bias battery and is wired so that the input and output term-. 

mais are shorted together, by-passing the computer, whenever the 

front panel function selector switch (direct-compute switch) Is set 

to the direct position. In the compute position the Input signal is 

switched to the difference amplifier input grid and the output is 

switched to the cathode follower output stage. 

Long term drift as measured at the auxiliary signal output 

terminal over a three hour time period after initial warmup is less 

than 100 millivolts when D. C. is used for the direct-coupled ampli- 

Lier filaments. Since 10 volts corresponds to the maximum signal 

this drift is 1% of full output, and is further reduced If a constant 

line voltage is maintained. 
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Figure 23. Bottom view of computer. Ui o 
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Figure ¿5. Computer and auciliary equipment. 
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PROCEDURE FOR ADJUSTING THE DIRECT- 

COUPLED AMPLIFIER CIRCUIT 

1- Set all the bias potentiometers at their niaximuni clockwise 

positions to zero the computer and turn on the bias power 

Sw it ch. 

Z- Connect a ¿0, 000 ohms-per-volt or better voltmeter to the 

computer input pin jacks on the front panel. A one and one- 

half volt D. C. or full scale range should be used for the 

final adjustments. 

3- Set the difference amplifier gain control to maximum by 

maximum clockwise rotation. 

4- Adjust the D. C. shift control for zero volts on the meter. 

5- Set the difference amplifier gain control to minimum by maxi- 

mum counter-clockwise rotation. 

6- Adjust the voltmeter reading to zero volts with the gain balance 

potentiometer. 

7- Adjust the gain balance potentiometer until no change in voltage 

is observed as the difference amplifier gain control is rotated 

back and forth. 

8- Adjust the D. C. shift control for zero volts on the meter. 

9- Remove voltmeter from pin jacks. 
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10- Adjust the output balance potentiometer for zero volts output 

from the computer as observed on the recorder or as meas- 

ured with the voltmeter. 
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PROCEDURE FOR APPROXIMATING A TRANSFER 

FUNCTION WITH THE COMPUTER BUILT FOR 

THE UNIVERSITY OF OREGON 

1- Adjust the direct-coupled amplifier after at least fifteen 

minutes warmup time. 

Z- Deternii.ne the input and output voltages for which you choose 

to begin each line segment. 

3- Set the input voltage to the first breaking point and with the 

amplifier gain and computer gain controls adjust the output 

voltage to the desired value. 

a- For functions with a very small slope change the ampli- 

fier gain control should be set at its maximum and the 

computer gain control adjusted as above. 

b-. For functions with a large slope change the amplifier gain 

control should be set to the minimum value that will still 

allow the computer gain control to be adjusted as in 3 above. 

4- Turn all the slope potentiometers to their maximum clockwise 

positions - - minimum transfer ratio position. 

5- Turn all bias potentiometers to their maximum clockwise posi- 

tions -- maximum bias positions. 

6- Set the input voltage at the correct value for the next transition 

point. 
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7- Adjust the next bias potentiometer until the output voltage is the 

same as that of the first break point. 

8- Adjust the slope potentiometer until the desired output voltage 

is obtained. 

9- Repeat Step 6 progressively for each transition point until all 

points on the transfer function have been properly located. 
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SUMMARY 

The computer can be set up to correct any combination of 

non-linearities In a system as long as the transfer function always 

changes in the same direction, i.e., as long as the first derivative 

of the output to the input voltage does not change sign. Any corn- 

plex transfer function can be approximated regardless of wave 

shape if the principles of the computer are applied and isolation 

and summing amplifiers are used. 

The computer can also be used as a function generator by 

supplying a saw-tooth voltage input and using the computer to gen- 

erate the wave shape desired, subject to the restrictions the coni- 

puter Imposes. 

I believe that patient and understanding application of the 

function synthesizer to certain research can eliminate needless 

hours of tedious work with consequent acceleration of progress. 
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