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RAMPED-STEP SIGNAL GENERATING CIRCUIT 

This is a continuation of application Ser. No. 
202,031, ?led Nov. 24, l97l, now abandoned, which 
was a division of application Ser. No. 22,235, ?led Mar. 
24, 1970, and now U.S. Pat. No. 3,644,806. 

BACKGROUND OF THE INVENTION 

This invention relates to web transport systems. More 
speci?cally, the invention relates to a high speed paper 
transport system for use in printing out information 
from a computer. 
The vast amount of printed output generated by to 

day’s high speed computers has created a demand for 
ever faster printer devices. Traditionally, these devices 
print a line and then advance the paper one or more 
lines and print another line. Ideally, consecutive lines 
should be identically spaced with characters, all of 
which are not simultaneously printed, in a straight line. 
To speed operation, each line must be printed and the 
paper transported between printed lines as rapidly as 
possible. 
One traditional approach to computer print-outs has 

been to use a-cylindrical rotating drum of type font 
above the paper, in conjunction with a set of selectively 
activated hammers behind the paper to strike the paper 
against a marking ribbon in order to impress the shape 
of the character on the drum upon the front of the pa 
per. The rotating drums usually have one row for each 
character with the identical character in each hammer 
position. The drum is continually rotated at high speed. 
Selected print hammers are activated to print all like 
characters in a given line simultaneously. To prevent 
character smearing and to have different characters 
aligned, the paper must be stopped and held during the 
printing operation. Thus, the basic operation of the ap 
paratus is to move the paper to a new line, stop, and re 
tain the paper precisely in place while the type drum is 
allowed to revolve at least enough so that all desired 
characters have passed under the print hammers. 
The traditional approach to moving the paper from 

line to line has been a clutch and brake system or a sin 
gle’motor driving an intricate arrangement of gears and 
belts which link two or four multiple toothed tractors 
over which the paper is drawn. In order to obtain good 
print quality, it is necessary to hold the paper precisely 
in place under tension during the printing operation. 
To accelerate the paper between print lines, the trac 

tors which pull the paper under tension must overcome 
any contact friction between the paper and a guide sur 
face contacting the paper. This puts additional tension 
upon the paper. Since tension above a certain critical 
value will tear the paper, the tension needed to hold the 
paper taut during printing, plus the necessary accelera 
tion tension must remain below this critical tearing 
value. Therefore, the tension to hold the paper taut 
during printing may have to be lower than actually de 
sired. 
Moreover, the tension can only be adjusted initially 

and varies with the mechanical inaccuracies introduced 
by the various system linkages. 
The large inertia of the tractors, with the associated 

gears and belts, in addition to friction on the paper 
from the guide surface, requires a large size motor to 
achieve rapid paper movement. 
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Prior art printer systems encounter dif?culty in mov 

ing the paper accurately and achieving and maintaining 
an accurate paper position. 

Also, for normal printing operations only one direc 
tion of paper movement is required. Certain other 
types of desired output (e.g. graphs) would be greatly 
facilitated if a printer could run backwards as well as 
forwards. Mechanical backlash in the gears and belts, 
and paper holding mechanizations have heretofore per 
mitted only one direction of paper movement. 

It is an object of the present invention to overcome 
the foregoing problems and disadvantages. It is a fur 
ther object to provide an improved web transport sys 
tern. 

SUMMARY OF THE INVENTION 

The present invention provides an improved posi 
tioning control system through the use of two separate 
motor means with velocity feedback to each motor 
means to control the two web carrying tractors. The 
two motor means are driven from a common velocity 
function generator which, in response to a given com 
puter movement request, generates a velocity wave 
form to accomplish the desired movement. 
According to another feature of the invention, each 

motor means is also coupled to a position transducer 
which is selectively connected in a feedback con?gura 
tion for precise and positive stop position placement of 
the rotating portion of each motor means. 
According to another feature of the invention, means 

responsive to the torque generated by the motor means 
when the web is not moving adds a signal to at least one 
of the motor means to provide tension of any desired 
quantity. 
According to still another feature of the invention, in 

order to prevent a build-up in positional difference be 
tween the two rotating portions because of inaccura 
cies of the velocity measuring tachometers, a compari 
son of the position transducer signals is made and used 
to augment the velocity command to at least one of the 
motor means. Preferably, each motor means includes 
a motor and a drive ampli?er. Preferably, each rotating 
portion includes a shaft. 
The invention may be embodied as a basic velocity 

servo system with three auxiliary control loops acti 
vated under predetermined conditions. The basic sys~ 
tem includes two ampli?ers for driving the two motors, 
with two paper carrying tractors and a tachometer cou 
pled to each motor. Both ampli?ers, in addition to their 
respective tachometer signal, also receive a common 
command from a velocity function generator. 
According to a feature of the invention, the velocity 

function generator upon receipt of a paper movement 
request from a computer, provides a velocity waveform 
which each ampli?er and motor combination can 
closely follow. The polarity of the velocity waveform 
causes the motors to run in either a forward or reverse 
direction. 
According to another feature of the invention, the 

position transducers are each of the multiple roll type 
to produce a null at each possible desired stopping lo 
cation for the motor shaft and tractors that move the 
paper. Switch means apply the position signals to the 
motor means when the ?nal position is reached. Prefer 
ably, the switch means maintains the application of the 
position signals until the next desired paper movement 
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request is received by the velocity function generator 
and acted upon. 
According to still another feature of the invention, 

the torque responsive means measures the current pro 
vided by .the ampli?ers to each motor and a tension 
control signal is provided to one of the motor-ampli?er 
combinations to keep a constant current different be 
tween the two motors. Since current is proportional to 
the torque provided by the motor, a given current dif 
ference between the two motors means that a constant 
tension is provided to the paper web carried between 
the tractors. 
These and other features of the invention are pointed 

out in the claims. The foregoing summary will become 
clear and additional modi?cations will suggest them 
selves from the following detailed description when 
read in light of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevation showing two motors coupled to 
web-carrying tractors with a tachometer and position 
transducer also coupled to each motor shaft. 
FIG. 2 is a block diagram showing a system embody 

ing features of the invention. 
FIG. 3 is a block diagram detailing the velocity func 

tion generator in FIG. 2. 
FIG. 4 is an electrical schematic of the ramp genera 

tor of FIG. 3. 
FIG. 5 shows some typical velocity waveforms from 

the velocity function generator in FIG. 2. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In FIG. 1, two electric motors, 1 and 3 drive respec 
tive shafts 5 and 7 on which are mounted web carrying 
tractors 9, 11, 13, and 15. These tractors have radially 
extending projections 17 which engage with holes 18 in 
a paper web 19. The paper web 19 is usually horizon 
tally perforated into pages 20 of a length suf?cient to 
accomodate about ninety print lines. The ?rst printed 
line of a page is known as the head-of-form. 
Coupled to the motors l and 3 are position transduc 

ers 21 and 23 of the magneto-resistive type with multi 
ple poles to provide a multiple null cyclical output for 
each motor revolution. Two tachometers 25 and 27 are 
connected to the motor shafts 5 and 7 and provide an 
output indicative of motor, and hence paper-carrying 
tractor, velocity. 

In FIG. 2, a computer 31 which furnishes the infor 
mation to be printed originates a request for a desired 
paper movement. The request is communicated in a 
digital form over lines 33 to velocity function generator 
35. The velocity function generator 35 examines the 
direction and amount of movement requested and gen 
erates an appropriate velocity waveform on line 37 for 
accomplishing this movement in an optimal manner. 
The velocity waveform moves between predetermined 
velocity levels along carefully controlled inclined 
ramps (see FIG. 5). The slope of the ramp is chosen in 
order that the motors l and 3 with their associated am 
pli?ers 39 and 41 respectively will be able to continu 
ously achieve velocitiesessentially equal to that com 
manded by the velocity waveform. Line 37 is con 
nected to ampli?ers 39 and 41 through respective sum 
ming junctions 43 and 45 which serve to sum together 
various signals such as the velocity feedback signals 
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4 
provided by tachometers 25 and 27 and the velocity 
waveform on line 37. 
The position transducers 21 and 23 are coupled to 

the motors 1 and 3 respectively and their output signals 
are connected through switches 47 and 49 to the sum 
ming junctions 43 and 45 respectively. The switches 47 
and 49 respond to a decrement or line counter in the 
velocity function generator 35 to remain open during 
signals which induce normal motion. The switches 47 
and 49 simultaneoulsy close in response to signals from 
the counter in the velocity function generator. Closing 
of the switches creates a position loop for precisely 
holding the tractor at a desired ?nal location. The 
switches 47 and 49 are simultaneously opened at the 
start of a paper movement during a signal from the 
function generator 35 that again induces motion. The 
switches 47 and 49 may for example comprises FET 
transistors connected with their respective paths of 
major current ?ow (i.e. source to drain) between trans 
ducer 21 and summing junction 43 and between trans 
ducer 23 and summing junction 45 respectively. The 
velocity function generator 35 controls the control 
electrodes. 

Position transducer 21 is also connected to the veloc 
ity function generator 35 by a line 50 and serves to pro 
vide an indication of distance moved. The velocity 
function generator 35 responds by providing appropri 
ate lower levels of commanded velocity as the motors 
1 and 3 approach the ?nal desired position. The signal 
on line 50 is processed by the velocity function genera 
tor 35 to provide an internal signal indicative of a null 
being traversed. This internal signal is used to decre 
ment the internal line counter (see FIG. 3). 
To prevent the mechanical inaccuracies of tachome 

ters 25 and 27 from causing a relative position differ 
ence between the two motor shafts 5 and 7 during a 
long movement of paper, such as the skipping of sev 
eral pages, the essentially sinusoidal cyclical signals 
from position transducers 21 and 23 are fed into squar 
ing ampli?ers 51 and 52 respectively. The squaring am 
pli?ers 51 and 52 amplify and clip the sinusoidal input 
so as to produce a square wave output in phase with the 
sinusoidal input. The outputs of squaring ampli?ers 51 
and 52 are passed to a phase comparator 53 which pro 
vides an output indicative of the phase difference be 
tween the leading edges of the squaring ampli?er out 
puts. The output of phase comparator 53 passes to ei 
ther line 55 or 57 depending upon which squaring am 
pli?er output edge is leading. The signals on lines 55 
and 57 are each applied to both summing junctions 43 
and 45 with opposite polarities. The squaring ampli?ers 
may be composed of ampli?ers followed by clipping 
circuits. They may then have further ampli?cation of 
the clipped signal. 

If position transducer 21 indicates that motor 1 is 
physically in advance of the position of motor 3 as indi 
cated by position transducer 23, phase comparator 53 
produces an output on line 57 proportional to the indi 
cated phase difference between position transducers 21 
and 23. This signal on line 57 provides an additional 
signal to summing junction 45 to augment the velocity 
waveform signal on line 37. The signal at summing 
junction 43 is treated as a negative signal and thus sub 
tracts from the velocity waveform provided by line 37. 
This causes motor 1 to slow down and motor 3 to speed 
up such that the outputs of position transducers 21 and 
23 are brought into synchronism. The tachometers 25 
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and 27 are accurate enough such that the positional dif 
ference build-up between the two motors 1 and 3 for 
a short, low speed paper movement does not require 
correction. 
Two motor-current measuring resistors 63 and 65 are 

connected to a summing junction 67 which provides 
the difference therebetween to an ampli?er 69 whose 
output is compared with a preset manually adjustable 
tension reference voltage source 71 by a summing junc 
tion 73 and the difference therebetween provided to 
tension control ampli?er 75 whose output is connected 
to summing junction 43 through switch 77. Switch 77 
may also be composed of an FET transistor corre 
sponding to switches 47 and 49. Switch 77 closes and 
opens in coincidence with switch 47 such that tension 
is only supplied when the two motors 1 and 3 are 
stopped. Switches 47, 49, and 77 are all controlled by 
line 79 from the line counter in the velocity function 
generator 35. Thus, tension is released before paper 
movement commences. This tension control loop oper 
ates to keep a ?xed difference in current through the 
two motors 1 and 3 when they are stopped. This assures 
constant tension throughout the printing operation. 
FIG. 3 is a block diagram of the internal structure of 

the velocity function generator 35. Computer 31 pro 
duces a digital request signal on lines 33 indicative of 
the number of print lines the paper 19 is to move. 
These signals are received by request logic unit 81 
which interprets the request signal from computer 31 
and produces a number representative of the print lines 
to be traversed. This number is stored in line counter 
83 which makes this number available to a level gener 
ator 87 over lines 85. A non-zero number in the line 
counter 83 produces a signal on line 79 to open 
switches 47, 49, and 77. When the number is zero, the 
signal on line 79 will close the switches. Level genera 
tor 87 is responsive to the digital number on lines 85 to 
produce discrete voltage levels on line 89 dependent 
upon the range of the number indicated by lines 85. 
For example, in an actual embodiment of the inven 

tion, when the number in line counter 83 is one or two, 
the level generator 87 produces a voltage on line 89' 
suf?cient to drive the motor-ampli?er combination at 
a low velocity of about 25-30 inches per second. If the 
number in line counter 83 is typically between three 
and seven, then level generator 87 produces a voltage 
on line 89 suf?cient to drive the motor-ampli?er com 
bination at a velocity of about 70 inches per second. If 
the number in line counter 83 is above seven, then level 
generator 87 produces a voltage suf?cient to cause a 
velocity of about 100 inches per second. 
Thus ramp generator 91 has an input of discrete volt 

age levels which are dependent upon the number in line 
counter 83. In response to the discrete levels on line 89, 
ramp generator 91 produces an output on line 37 in 
which the abrupt level changes on line 89 are con 
nected by ramps of controlled slope. The signal on line 
37 is that actually supplied to summing junctions 43 
and 45. 

Position transducer 21 is connected by line 80 to a 
null detector 82. Null detector 82 is responsive to the 
null crossings of the position transducer output so as to 
generate a signal capable of decrementing line counter 
83. Thus, one cycle of output,‘ from position transducer 
21 which is equivalent to a distance of one print line 
being traversed will decrement the number in line 
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counter 83 by one. Thus, line counter 83 maintains the 
current count of print lines yet to be traversed. 
FIG. 4 is an electrical schematic diagram of the ramp 

generator 91. Equal and opposite supply voltages are 
supplied at terminals 101 and 103. Zener diodes 105 
and 107 in conjunction with resistors 109 and 111 
serve to establish substantially constant voltages at the 
points between the resistors 109 and 111 and the di 
odes 117 and 133 respectively. 
Lead 123 connects the collectors of transistors 121 

and 131, the series combination of capacitor 135 and 
resistor 137, and the input of a buffer ampli?er 139. 
The buffer ampli?er 139 prevents leakage of charge 
stored in the capacitor and the ampli?er output is the 
velocity waveform on line 37. With a quiescent signal 
level on line 115, zener diode 117 acts in conjunction 
with resistor 119 and transistor 121 to establish a con 
stant current through resistor 119 and into lead 123. 
Diode 125 provides temperature compensation for the 
base emitter junction of transistor 121. Similarly, zener 
diode 127 acts in conjunction with resistor 129 and 
transistor 131 to require a constant current from lead 
123. Diode 133 serves to temperature compensate for 
the base emitter junction of transistor 131. 
The current set by zener diode 117 to flow through 

transistor 121 into lead 123 is essentially equal to that 
set by zener diode 127 to flow from lead 123 through 
transistor 131. Thus in conjunction with the quiescent 
level on line 115, transistors 121 and 131 cooperate to 
pass a preset level of current between the positive and 
negative voltage supplies. Therefore, no current is sup 
plied to or drawn from capacitor 135 and the voltage 
on lead 123 remains constant. 
Line 37 is connected to input terminal 141 of high 

gain ampli?er 113. When the signal on the ampli?er 
113 input lines 89 and 141 are substantially equal, out 
put line 115 will be at its quiescent level. Such a condi 
tion is indicative of the fact that the voltage on line 37 
is equal to the discrete voltage levels provided on line 
89 by level generator 87. 
When the paper web is stationary, it is indicative that 

there is a zero voltage level on line 37, capacitor 135, 
and on line 89. When a movement request is generated 
by computer 31, level generator 87 changes the zero ' 
voltage level on line 89 to a non-zero level. Therefore, 
high-gain ampli?er 113 causes output line 115 to as 
sume a level other than the quiescent level. For exam 
ple, if the voltage on line 89 goes from zero volts to 
some positive voltage value, then the signal on line 115 
goes negative. This negative voltage is suf?cient to cut 
off transistor 131. Zener diodes 105 and 107 establish 
voltages that allow the maximum voltage swings on line 
115 to positively cut-off transistors 121 and 131. How 
ever, transistor 121 will not be affected and will con 
tinue to act as a current source. Since the current 
through transistor 121 into lead 123 can no longer ?ow 
through transistor 131 and resistor 129 to the negative 
source, it must flow into the series combination of ca 
pacitor 135 and resistor 137. 
The constant current into capacitor 135 creates a lin 

early increasing voltage on line 123. The negative volt 
age on line 115 continues to hold transistor 131 cut-off 
until the linear increase in voltage across capacitor 135 
eventually produces a voltage level from buffer ampli 
?er 139 equal to that present on line 89. Then line 115 
returns to its quiescent value and the current through 
transistor 121 again ?ows through transistor 131 and 
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produces no further change in the voltage on capacitor 
135. Thus line 37 has changed from zero volts to a posi 
tive voltage value by means of a controlled linear ramp. 
This controlled ramp can be followed by the ampli?er 
motor combination without saturation of the transport 
servo system. 

Resistor 137 in series with capacitor 135 acts to put 
a small voltage step at the start of the ramp on line 37 
by virtue of the current through the resistor. There is 
no corresponding voltage step at the end of a ramp be 
cause of the voltage feedback to ampli?er terminal 
141. This improves operation of the servo system by 
providing an increased signal at the beginning of a ve 
locity change operation which serves to overcome the 
natural lag associated with the transport servo system. 

Should the voltage level on line 89 have gone from 
a zero to a negative value, or from a more positive to 
a less positive value, a correspondingly opposite se 
quence would occur. The voltage on line 115 would go 
positive and cut off transistor 121 causing transistor 
131 to pull current out of capacitor 135. This constant 
current drain from capacitor 135 creates a linearly de 
creasing voltage on line 123. This linear decrease in 
voltage continues until the voltage on line 37 is equal 
to the new level established on line 89. 
FIG. 5 shows some typical velocity waveforms pro 

duced on line 37 for various desired movement dis 
tances. Curve 151 shows the velocity waveform gener 
ated for a movement of one print line. Waveform 153 
shows the velocity waveform generated for a move 
ment of six print lines. Waveform 155 shows the veloc 
ity waveform produced for a movement of sixteen print 
lines. 
The following example will serve to illustrate the 

overall system performance. Assume motors l and 3 
are stopped. Therefore, the velocity function generator 
35 has a zero level output on line 37. Switches 47 and 
49 are closed so that position transducers 21 and 23 are 
connected to the respective summing junctions 43 and 
45. In addition, switch 77 is closed thus providing a ten 
sion signal to summing junction 43. 

Position transducer 23 is located at a null by virtue 
of the feedback connection and position transducer 21 
is slightly offset from null because of the tension con 
trol signal provided by ampli?er 75. This tension signal 
is such as to maintain a ?xed difference, determined by 
the preset tension reference voltage 71, between the 
currents in resistors 63 and 65. 
Now if computer 31 issues a request over lines 33 to 

velocity function generator 35 for a desired number of 
print lines to be traversed, the following steps will oc 
cur. After receipt of the request by the request logic 
unit 81, the computer request is interpreted and the 
number of lines to be traversed is placed in line counter 
83. This immediately causes level generator 87 to pro 
duce a non-zero level on line 89 and thus ramp genera 
tor 81 starts producing a ramp on line 37. Once a non 
zero number exists in line counter 83, switches 47, 49, 
and 77 will open and motors l and 3 by virtue of the 
velocity feedback loop will assume a velocity consistent 
with the velocity waveform on line 37. Assuming that 
the computer 31 requested a long skip, for example 16 
print lines, then the signals from position transducers 
21 and 23 will be processed by the squaring ampli?ers 
51 and 52 and phase comparator 53 to produce a cor 
rective output on line 55 or 57 if necessary. 
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8 
As position transducer 21 indicates a print line tra 

versed by virtue of a null crossing detected by null de 
tector 82, line counter 83 will be decremented and 
eventually cause level generator 87 to produce a lower 
voltage level on line 89. Ramp generator 91 will then 
cause line 37 to linearly approach this new commanded 
voltage level. Motors 1 and 3 continually closely follow 
the velocity waveform on line 37. For a requested 
movement of 16 print lines in the forward direction, the 
motor velocity would substantially have the shape of 
waveform 155 in FIG. 5. , 
When the desired ?nal position has been reached, 

line 37 will have returned to zero volts and switches 47, 
49, and 77 are again closed. Thus, position transducers 
21 and 23 hold motors 1 and 3 precisely in place while 
a constant tension is applied by the maintainance of a 
?xed current difference through resistors 63 and 65. 
The summing junctions are composed of known 

types of adding circuits which where necessary include 
inversion inputs or outputs so that inputs may be added 
or subtracted as described. 
The synchronizing loop, including elements 21, 23, 

51, 52, 53, 43, and 45, allows the maintainance of 
equal velocity for the two tractors despite the inaccura 
cies of the tachometers and high motor speeds. It does 
this by comparing the position transducer signals and 
generating a velocity correction signal for the motor 
means in response to the compared signals. 
To prevent undue burdening the description with 

matte. within the ken of those skilled in the art, a block 
diagram approach has been followed with a detailed 
functional discription of each block and speci?c identi 
?cation of the circuitry it represents. The individual en 
gineer is free to select elements and components from 
his own background or from available standard refer 
ences. 

Although the invention has been described with re 
spect to a high-speed printer application, its extension 
is readily apparent to other web moving- systems. In 
fact, the invention is applicable to any multiple motor 
system in which corresponding shaft alignments must 
be maintained. 
From the foregoing discussion it will be apparent that 

numerous modi?cations, departures, substitutions and 
equivalences may now occur to those skilled in the art, 
all of which fall within the true scope and spirit of the 
present invention. 
What is claimed is: 
1. A signal generator for producing a step signal hav 

ing ramps between successive step levels, said signal 
generator comprising: 
means for generating only a step signal having a plu 

rality of successive step levels wherein each step 
level is a discrete voltage level; 

means for generating linear ramps between the sue- 
cessive step levels of said step signal, said ramp 
generating means comprising: 
two equal constant current sources of opposite po 

larity, each connected to a common junction; 
control means, responsive to each successive step 

level change for selectively opening only one of 
said current sources at a time, said control means 
having an inverting input and a non-inverting in 
put, said inverting input being connected to said 
step signal generating means; 

a capacitor with a ?rst terminal connected to the 
junction of said current sources and a second ter‘ 



3,828,203 

minal of said capacitor connected to a reference 
potential so as to charge or discharge depending 
on which current source is selectively opened by 
said control means; and 

a feedback path for feeding back a signal indicative 
of the voltage charge on said capacitor, said feed 
back path connected to said non-inverting input 
of said control means whereby the signal indica 
tive of the voltage charge is not inverted through 
said control means. 

2. The apparatus of claim 1 wherein the ?rst constant 
current source comprising: 

isolating and switch means, responsive to said control 
means, for disconnecting the ?rst current source 
from the junction between current sources when 
the signal from said control means is of a ?rst po 
larity; and the second constant current source com 
prises: 

isolating and switch means, responsive to said control 
means, for disconnecting the second current 
source from the junction between current sources 
when the signal from said control means is of a sec 
ond polarity. 

3. The apparatus of claim 2 wherein the said control 
means is a control ampli?er; 

said current sources are connected between equal 
and opposite supply voltage sources; and 

said reference potential comprises a ?rst terminal of 
a resistor having a second terminal which connects 
to zero volts. 

4. The apparatus of claim 3 wherein each of said cur 
rent sources further comprises a resistor with a ?rst ter 
minal connected to a respective one of said supply volt 
age sources; differential voltage source means, refer 
ence to said respective supply voltage source, and con 
nected to said isolating and switch means, said isolating 
and switch means being operative to connect said dif 
ferential voltage source means to a second terminal of 
said resistor and for connecting said second resistor ter 
minal to said junction in response to said control ampli 
?er. 

5. The apparatus of claim 4 wherein said differential 
voltage source means comprises a zener diode; 

said isolating and switch means comprise a single 
transistor; and 

said control ampli?er is connected to both of said 
transistors through respective resistors. 

6. The apparatus of claim 5 wherein said feedback 
path comprises a buffer ampli?er connected to said ca 
pacitor to provide a signal representative of capacitor 
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voltage to said control ampli?er. 

7. A signal generator for generating a step signal hav 
ing ramps between successive step levels, said signal 
generator comprising: 
means for generating a step signal having a plurality 
of successive step levels wherein each step level is 
a discrete voltage level; and 

means for generating linear ramps between the suc 
cessive step levels of said step signal, said ramp 
generating means comprising: 
a ?rst constant voltage source and a second con 

stant voltage source of opposite polarity to said 
?rst constant voltage source; 

a capacitor; 
a ?rst constant current path connecting said ?rst 
constant voltage source to said capacitor, said 
?rst current path comprising a ?rst switching 
transistor for switching said current path on or 
off; 

a second constant current path connecting said 
second voltage source to said capacitor, said sec 
ond current path comprising a second switching 
transistor for switching said second current path 
on or off; 

a differential ampli?er having an inverting and a 
non-inverting input wherein said inverting input 
receives discrete voltage levels from the step sig 
nal generated by said step signal generating 
means, said differential ampli?er has an output 
which is connected to the control electrodes of 
said ?rst and second switching transistors, and 
said ?rst and second transistors are alternately 
conductive in response to the polarity of the sig 
nal present on the single output of said differen 
tial ampli?er which causes only one of said 
switching transistors to be switched on; and 
feedback path connected to the capacitor for 
feeding back a signal indicative of a capacitor 
voltage to said non-inverted feedback signal in 
dicative of capacitance voltage and the inverted ' 
input of discrete changes. 

8. The signal generator of claim 7 wherein the first 
and second current paths and the feedback path are all 
commonly connected to a ?rst terminal of said capaci 
tor and a second terminal of said capacitor is con 
nected through a resistor to a zero voltage potential. 

9. The signal generator of claim 8 wherein said feed 
back path comprises a buffer ampli?er connected to 
said ?rst terminal of said capacitor. 

* * * * * 
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