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SMOOTH WAVE ELECTRICAL GENERATOR 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 
The present invention relates to the production of 

electrical wave signals of suitable form for any desired 
purpose. The primary object of the present invention is 
to generate a smooth wave form by the use of standard 
electrical circuit components. 
A further object of this invention is to generate a 

smooth wave form which closely approximates a prede 
termined incremental wave form and intersects the co 
ordinate axes at the place of intersection of the incre 
mental wave form. 

Still a further object of this invention is to generate 
a smooth wave form by means of apparatus which is 
relatively drift free and self-compensating for variances 
in the operation of the components thereof. 
SUMMARY OF THE INVENTION 
The smooth wave generator utilizes an amplifier hav 

ing a first feedback circuit for providing an incremental 
feedback signal responsive in magnitude to the output 
of the amplifier and having a second feedback signal 
means supplying a signal responsive to the integral of 
the original output signal of the amplifier. The second 
feedback means is reset at each incremental change of 
the first feedback means to eliminate drifting from the 
amplifier output signal. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the primary com 
ponents of the invention. 
FIG. 2 is a detailed schematic of the invention and 
FIG. 3 shows an example of a wave form that can be 

generated by the subject invention. 
DESCRIPTION OF A PREFERRED EMBODIMENT 

In FIG. 1 is shown a wave generator embodying the 
subject invention but consisting of some standard elec 
trical components utilized in the past. In this example, 
the invention is utilized for the generation of a specific 
wave form to be fed to the actuator in a disc file appa 
ratus used for storing data in a computer system. While 
it should be understood that the invention can be ap 
plied to other systems with equally beneficial results, 
still there exists in such an apparatus the need to supply 
a voltage wave form to the head actuator for the spe 
cific purpose of decelerating the actuator as it ap 
proaches the address or position desired. To control 
the actuator, the position to which it is desired to be 
moved is fed into an address register 10 which supplies 
to a differential counter 11 a signal indicative of that 
position. The differential counter compares that signal 
with one responsive to the present position of the head 
to generate a differential signal indicating the distance 
to move the head. The differential signal is in the form 
of a binary weighted input signal which is fed through 
the juncture 12 to an amplifier 14. Responsive to that 
signal, the amplifier generates an output signal at the 
juncture 15 to which is connected a first feedback cir 
cuit 16. 
The purpose of the feedback circuit 16 is to provide 

a signal which modifies the input signal to the amplifier 
14 by incremental amounts responsive to the amplitude 
of the amplifier output signal. By controlling the values 
of the incremental stages of the feedback signal, sub 
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2 
stantially any output wave form can be approximated 
with the single feedback circuitry. The feedback signal 
varies by incremental or stepped amounts because dis 
creet components are included and switched into the 
feedback circuitry for shaping the output curves at the 
juncture 15. . . 

In FIG. 3 is shown a typical curve generated in the 
manner shown. In this graph, the abscissa axis indicates 
the differential count corresponding to the input signal 
received from the differential counter 11 in units indi 
cating spaces between the present position and the de 
sired position of the actuator. The ordinate axis is 
scaled to indicate the output signal voltage at the junc 
ture 15. Thus, the curve 18 of incremental steps is gen 
erated by a change in level of the feedback signal sup 
plied through the first feedback circuit 16. In this in 
stance the feedback signal is subtracted from the ampli 
fier output signal to generate a staircase-shaped wave 
form. The binary steps are caused by the introduction 
of incremental components affecting the level of the 
feedback signal as will be explained in more detail 
later. The successful usage of such a stepped signal in 
a control system, however, is difficult because the in 
cremental variations make precise positioning of any 
actuator difficult. Thus, it is desirable to smooth the 
wave form in a manner to eliminate the incremental 
variations in the signal. 
While particular problems are encountered in utiliz 

ing such a stepped curve, specific difficulty is encoun 
tered as the curve approaches the zero position on the 
differential count scale. For instance, when point 19 is 
approached, the curve still indicates a voltage of sub 
stantial amount while in actuality, the actuator is near 
the zero position and a zero voltage signal should be in 
dicated. To overcome some of the difficulties caused 
by the stepped increments, attempts have been made to 
smooth out the wave by the generation of a curve 20 
tangential to the high points of the staircase wave form. 
The smoothing of the wave form has generally been ac 
complished by providing separate feedback signals 
which are amplified in such a way as to provide the 
smoothing effect. Such circuits also generally utilize 
separate amplifier components in the feedback cir 
cuitry which components are susceptible to drifting or 
changing in operation to the extent that the smooth 
curve many times only approximates the staircase 
curve. With sufficient change in the feedback charac 
teristics of the circuitry, the signal will actually depart 
substantially from the original curve desired. The same 
problems are encountered as with the incremental 
wave form as point 19 is approached, since if the 
smooth curve 20 is followed, there actually will be an 
overrun by the actuator to a point one position beyond 
that desired. Accordingly, additional circuitry must 
have been added in such prior art devices to fool the 
actuator as it approaches the ultimate position so that 
it is, in fact, stopped before the position indicated by 
the smoothed curve. Of course, the addition of such 
circuitry complicates the control. 

In accordance with the present invention, there is 
provided means for smoothing the wave form 20 shown 
in FIG. 3 along a line tangential to the bottom of the in 
cremental steps of the curve so that as the zero position 
is approached, the smoothed curve actually represents 
the desired signal necessary for controlling the actua 
tor. Additionally, the curve is generated in a manner to 
limit to a minimum degree any drifting of the smoothed 
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curve from the staircase curve so as to make the ap 
proximate curve more accurate and functional in pro 
viding the wave form desired. To accomplish this, there 
is provided a second feedback circuit supplying to the 
input of the amplifier a signal responsive to the integral 
of the original amplifier output signal generated in the 
circuitry heretofore described, which signal is of oppo 
site polarity from that of the first feedback means so as 
to subtract therefrom and make the final signal gener 
ated by the circuit tangential to the bottom portions of 10 
the staircase curve. In this manner, the smoothed curve 
closely approximates the actual wave form desired. Ad 
ditionally, the integrator is reset at each intersection 
with the staircase curve to limit any drifting from the 
original incremental curve and render the final output 
signal more accurate. By the elimination of any amplifi 
cation means within the second feedback circuit itself, 
further accuracy is provided in approximating the 
curve actually desired. 
Accordingly, as shown in FIG. 1, an integrator 21 re 

ceives a signal from the juncture 15 for supplying to the 
juncture 12 an integrated signal which, when added to 
the amplifier input signal, results in the smooth curve 
generated as described. In FIG. 2 is shown a schematic 
of the invention, comprising the differential counter 
11, the amplifier 14, the first feedback circuit 16, the 
integrator circuit 21 and a single shot 24. As shown, the 
first feedback means 16 comprises a series of circuits 
including resistors 25 and diodes 26 with resistors 27 
connected to the juncture between each resistor 25 and 
diode 26 and being supplied at the other terminal with 
a predetermined voltage V. As the amplifier output 
voltage reaches a level which, when combined with the 
voltage at the juncture 27a, equals the breakdown volt 
age for the diode, conduction will be initiated and con 
tinue through the resistor 25 and the diode 26 to result 
in a change in the amplitude of the feedback signal. In 
this manner, each incremental step of the output wave 
form 18 (FIG. 3) is generated. Naturally, there can be 
as many individual diode circuits as are needed to gen 
erate the staircase signal desired. 
The integrator 21 comprises a transistor T1, which is 

turned on by the amplifier output signal, thereby per 
mitting a capacitor C to be charged from a voltage 
source B. The rate of charge of this capacitor is con 
trolled by the resistor R1. During this period of time, 
the transistor T3 is non-conductive. As the capacitor C 
becomes charged, the transistor T2 is turned on be 
cause of an increase of the base voltage thereof, 
thereby permitting conduction from the voltage source 
B through the resistor R2 to the transistor input at junc 
ture 12. In this manner, an integrated signal is added to 
the input signal for the amplifier to provide the smooth 
amplifier output signal 28. By the selection of the 
proper polarity of the voltage source B to be opposite 
to that of the signal V supplied through the first feed 
back circuit, the feedback signals are subtractive 
thereby making the smoothed curve tangential to the 
minimum points of the staircase curve. 
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4 
As the counted 11 changes the output signal value, 

a pulse is generated which is transmitted to the single 
shot 24. With energization of the single shot, the tran 
sistor T3 is rendered conductive to supply a discharge 
path for the capacitor C. In this manner, the smooth 
wave form 28 ultimately generated by the invention al 
ways intersects the staircase wave form at the lower 
points of the vertical steps. Therefore, drifting of the 
smooth curve from the staircase curve is prevented 
since the smooth curve is reset at each increment of the 
staircase curve to a value equal to that of the incremen 
tal curve. Additionally, it will be noted that the smooth 
curve intersects the ordinate at the same point as the 
staircase curve, thereby making the control of any ac 
tuator or other device more precise and negating the 
need for additional circuitry to overcome the difficul 
ties encountered in previous inventions as described 
heretofore. 

I claim as my invention: 
1. A wave generator for generating a smooth wave 

from an input signal comprising: 
an amplifier having an input for receiving said input 

signal and an output for providing an output signal; 

a first feedback circuit connecting said amplifier out 
put to said amplifier input, said first feedback cir 
cuit comprising means for generating an incremen 
tal wave first feedback signal with the value of the 
increments being responsive to said amplifier input 
signal; and 

a second feedback circuit connecting said amplifier 
output to said amplifier input, said second feed 
back circuit comprising means for receiving said 
amplifier output signal and for supplying to said 
amplifier input a second feedback signal responsive 
to the integral of said amplifier output signal but of 
opposite polarity from said first feedback signal, 
thereby serving to smooth said amplifier output sig 
nal for the elimination of abrupt changes in said 
amplifier output signal. 

2. The wave generator of claim 1 wherein said first 
feedback circuit generates a stepped incremental sig 
nal. 

3. The wave generator of claim 2 wherein said second 
feedback circuit comprises means for resetting the 
value of said second feedback signal at each incremen 
tal change of said first feedback signal, thereby pre 
venting drifting of said second feedback signal from 
said amplifier output signal. 

4. The wave generator of claim 3 wherein said second 
feedback circuit comprises a capacitor and capacitor 
charging means for generating said integral of said am 
plifier output signal. 

5. The wave generator of claim 4 comprising means 
for discharging said capacitor at each incremental 
change in said first feedback signal to reset said second 
feedback signal. 


