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1.

SYNCHRONOUS CAPSTAN DRIVE SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention )

The invention relates generally to tape drive for tape
transducer assemblies and, more particularly, but not by
way of limitation, it relates to improvements in speed
control and regulation of capstan drive motors.

2. Description of the Prior Art

The prior art includes numerous types of drive circuit
and assembly which have been used for tape movement
in tape transducer assemblies. Such prior approaches to
tape drive’have utilized both AC and DC types of mo-
tor, and each has its inherent advantages and disadvan-
tages. Synchronous AC motor drive systems can pro-
vide the required constancy of speed, but these are
subject to the limitations of fixed mechanical ratios that
usually determine an exact speed. While such AC sys-
tems are relatively.immune to drift caused by voltage,
temperature and-load parameters, slippage due to belts
or friction components often attribute variables. Utiliza-
tion of an AC motor drive system also severely limits
the ability to select different speeds, and the inherent
nature of the synchronous motor makes continuously
variable systems impractical.

Direct current motors require a regulatory system
employing some form of feedback, and either voltage or
current feedback systems may adequately control tape
speed if the load is constant. However, variable loading
will cause fluctuations, a period of which is complicated
by the time constant of an attendant regulator circuit.
Phase locked loop systems for DC motor speed control

help to overcome many of the problems of DC regula- 3

tion and provide more precise and convenient selection
of speed. Some such systems achieve the effect of an
AC synchronous motor, but do not drive the motor
directly with the reference frequency, relying mstead
upon indirect means or synchronization. The loop con-
figuration generally does not include more than the
motor itself, and thereby neglects other aspects of the
drive system such as belts, pulleys and other mechamcal
parameters. . -

SUMMARY OF THE INVENTION

The present invention contemplates a variable speed
tape drive system wherein the capstan drive motor
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It is still another object of the invention to provide a
tape drive system that has minimal inertia and can be
varied between precise speeds over a wide range with
fast response.

Finally, it is an object of this invention to provide a
variable speed tape drive system which functions with
the conventionally employed low cost DC motors, yet
has the capability of maintaining precise tape speed
control over a widely variable range.

Other objects and advantages of the invention will be
evident from the following detailed description when
read in conjunction with the accompanying drawings
which illustrate the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1.is a block diagram of a variable tape drive
system as constructed in accordance with the present
invention;

FIG. 2 is a view in elevation of a tape drive motor
including rotational sense output structure;

" FIG. 3 is a bottom view of the tape drive motor as
shown in FIG. 2;

FIG. 4 is a bottom view of an alternative form of tape
drive system wherein the tape drive motor is indirectly
applied to provide capstan drive rotation; and

FIG. 5 is a schematic diagram of a control circuit as

.constructed in accordance with the present invention.

DETAILED DESCRIPTION OF THE
. INVENTION

Refemng to FIG. 1, the variable speed tape drive
system of the present invention may be employed with
any form of record playback or recorder system, but it

‘has been particularly adapted for use with record tapes
5 of the reel-to-reel type, viz., standard 0.150 inch cas-

settes. The tape transducer will employ some form of
supply drive 10 providing drive to a tape supply reel 12

“which moves record tape 14 across a control or trans-

ducing area, indicated generally as 16. The record tape
14 is then wound on a take up reel 18 under controlled
movement by a rotational drive input from a take up
power source 20. Supply drive 10 and take up drive 20

 may be powered by individual motors or, as is true in

45

many-instances, a single central source provides drive
power to all of the supply reel, take up reel and capstan

- drive. In the present embodiment, record tape 14 is

provides a direct sense output which serves as a precise -

rotational reference pulse. A programmable counter
and phase comparator then serve to shape reference
frequency pulses with a pulse width indicative of the
time difference between the reference frequency. and
the sense output signal. The output from the phase com-
parator is then fed to a DC amplifier which, in turn,
provides drive energization to the capstan motor.
Therefore, it is an object of the present invention to
provide a record tape drive system that is immune to
drift with temperature, voltage, load, and mechamcal
shppage
It is also an object of the invention to provide a vari-
"able speed tape drive system having the advantages of
lower component cost, economy of power consumption
and increased speed range.
It is yet another object of the invention to provide a
variable speed record tape drive system which has con-
‘trollability over a wider speed range with greater accu-
racy and greater speed of adjustment.

50

moved at a selected speed by a drive capstan and idler

" (not :specifically shown) indicated by dashed line 22

from capstan drive motor 24. This is a well known form
of tape drive system.and particulars of such are more
specifically disclosed in U.S. Pat. No. 3,879,756 as is-

* sued-on Apr. 22, 1975, in the name of DeBell et al.

The capstan drive motor 24 is adapted to include a

" ‘rotationally connected tone wheel 26 which, in turn, is

55

sensed by a speed sensor 28 to produce a rotational
reference frequency output signal vialead 30 to a con-
trol circuit 32. A reference frequency generator 34 is
used to produce a reference frequency signal via lead 36

** ‘to control circuit 32, and the reference frequency is
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selected to be of some constant value consonant with
rotational speed sensor input and the desired limits of
tape speed variation, as will be further described below.
A control-bit generator 38 then provides on-off binary

‘bit input on selected ones of leads 40 which supply

control bits 1 through 5. The control circuit 32 then
functions in accordance with control bit input to de-

" velop a drive output voltage on lead 42 for energization

of the capstan drive motor 24 at the proper selected
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speed and, therefore, the proper speed of record tape
14.

FIGS. 2 and 3 illustrate one form of capstan drive
motor 24 as utilized in the direct drive system. Motor
24, e.g., a Microswitch Type 128EM21, is constructed
with a three millimeter rotor shaft 44 which serves as
the capstan when the motor 24 is mounted by means of
its upper cylindrical surface 46 and suitable fastening to
the underside of the transducer chassis. An opposite end
48 of the rotor shaft is then brought out for secure affix-
ure to a tone wheel 26. Thus, tone wheel 26 and capstan
44 rotate in synchronism. The tone wheel 26 is formed
from a suitably permeable metal and, in present design,
it is formed as a gear with 48 gear teeth around the
circumfery so that a magnetic sensor 50 secured in jux-
taposition will provide an AC output via lead pair 30.
Speed sensors such as the magnetic sensor 50 are well-
known and commercially available, e.g., one form
which may be used is the type VR250-100ST which is
available from Transducer Systems, Inc. of Willow
Grove, Pennsylvania. Such magnetic sensors are af-
fected by the varying permeability of tone wheel 26 in
proximity thereto, and provide a synchronous alternat-
ing signal of 48 cycles per tone wheel revolution. It
should be understood too that the number of gear teeth
on tone whieel 26 as well as the selected reference fre-
quency input from generator 34 may be varied to
achieve particular ranges of speed variation.

FIG. 4 shows an indirect drive system which func-
tions in like manner to the direct drive of FIGS. 2 and
3. In this case a motor 52 may be a Matsushita Type
" MH1-5L6C DC motor with a 0.825 inch pulley 54 driv-
ing a capstan pulley 56 by means of a drive belt 5§8. The
capstan pulley 56 would be affixed to drive a chassis-
mounted capstan assembly (not shown) while also car-
rying a tone wheel 60 as affixed to capstan drive shaft
62. The tone wheel 60 is designed to carry 71 teeth
which then interact with a magnetic sensor 50 to pro-
vide the proper alternating current signal output on lead
30 for input to control circuit 32 (FIG. 1).

FIG. 5 illustrates the control circuit 32 in greater
detail. The reference frequency input is applied via lead
36 to a Schmitt trigger 70 with the output applied via
lead 72 to the A input of a phase comparator 74. The
phase comparator 74 is one part of an integrated circuit
76 which also includes a programmable counter consist-
ing of a divide by N counter 78 and a divide by 4
counter 80, such integrated circuit being a Motorola
Type MC14567BCP. The speed sensor inputs on leads
30 accept the low level output of the magnetic sensor
50, and this signal is applied by leads 82 and 84 to the
respective inverting and non-inverting inputs of an op-
erational amplifier 86, with output on lead 88 applied to
the negative input of operational amplifier 90 for still

further amplification and output at a junction 92. The $

combined amplification through op-amps 86 and 90 is to
overdrive and produce a square wave at junction 92
which is then applied to a Schmitt trigger 94. The out-
put of Schmitt trigger 94 then provides a pulse input via
lead 96 to the C input of divide by N counter 78 on
integrated circuit 76.

The count ratio of counter 78 is determined by five
control bit inputs as applied on leads 98, 100, 102, 104
and 106. A division ratio of one is established by a logic
HIGH on control bit line 98, and any division ratio from
1 through 60 may be established by proper binary coded
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multiplier bit which allows a fixed multiplication of the
code set up on the remaining control bit lines 98-104. In
present design, the reference frequency signal on lead
36 and the control bit impulse on leads 98-106 are 15
volt logic levels; however, level conversion buffers may
be employed to allow operation from 5 volt logic level
signals in the interest of circuit exigencies. While any of
various binary input or switching arrangements may be
utilized as control bit generator 38, a present embodi-
ment utilizes a manual switch, a 5-Gang DIP-type
switch.

The output from programmable counter 78 is then
connected to the input of divide by 4 counter 80 with
subsequent output through logic network 108 to input B
of the phase comparator section 74, a logic type leading
edge comparator. A HIGH level on input A will cause
the output at terminal PC and lead 110 to go HIGH and
remain HIGH until a HIGH transition appears at input
B. Upon appearance of the transition HIGH at input B,
the comparator output at terminal PC will go LOW
until the next positive transition of the reference fre-
quency appears at input A. In this manner the phase
comparator 74 produces a pulse output HIGH of a
duration indicative of the time difference between its
two inputs at terminals A and B.

Output from counter 80 via lead 112 (IC No. 17) is
applied to a NOR gate 114 along with output from
NOR gate 116 as controlled by the times four multiplier
input on lead 106. The lead 106 is also connected to
NOR gate 118 along with enabling connector 120 from
counter 78 (IC No. 2). Output indication from gates 114
and 118 are then applied in parallel to NOR gate 122

* providing output to the B input (IC No. 15) of IC phase
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decimal input on the control bit lines 98-106. The num-

ber 5 bit as applied on control bit line 106 is a times 4

comparator 74.

The phase compared output on lead 110 is then ap-
plied via a resistor 122 to the positive input of a DC
amplifier/integrator 124 to produce an output at junc-
tion 126 which contains both the input pulse and a DC
level which is proportional to the input pulse time dura-
tion. This DC level is developed by the charge across
capacitor 128 which shunts a feedback resistor 130. The
resistor 130 and- a resistor 132 coact to determine the
gain of DC amplifier/integrator 124 which is set to
approximately unity. As the repetition rate of the refer-
ence frequency is constant, and hence determines the
comparator output repetition rate when the system is in
synchronism, the charge across capacitor 128 remains
practically constant between pulses since its discharge
time through resistor 130 is very long compared to the
pulse repetition rate. A PNP transistor 134 is connected
common emitter between junction point 126 and resis-
tor 132 to receive base input via a lead 136. The transis-
tor 134 may be such as a type MPSA 66, a well-known
Darlington configuration, and it serves the function of
discharging capacitor 128 through a resistor 138 only in
the event of a change in the repetition rate towards a
much longer interval (as would occur on a selected
speed reduction), otherwise transistor 134 is cut-off
during normal operation and has no effect upon circuit
operation.

Base input control-of transistor 134 is accomplished
by a series of Schmitt triggers 140 and 142. Thus, phase
comparator output on lead 110 is also applied to the
input of Schmitt trigger 140 with its output applied
through a diode 144 and series-connected resistor 146 to
the input of Schmitt trigger 142. The Schmitt trigger
142 functions as an inhibited square wave generator
with a period somewhat longer than the normal pulse
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repetition rate as determined by the reference fre-
quency. Schmitt trigger 142 is an inverting type whose
output will be HIGH until its input goes sufficiently
HIGH to cause triggering action. The Schmitt trigger
140 prevents the. input of Schmitt trigger 142 from
going HIGH by shunting it to ground through resistor
146 and diode 144 at the normal repetitive intervals as
determined by the reference frequency. This: action
then prevents the charge across capacitor 148 from
reaching a level sufficient to cause the output of Schmitt
trigger 142 to go LOW and turn on transistor 134, ex-
cept in the event of a repetition rate change towards
much longer interval. Thus, in the event that the pulse
repetition rate should become longer than the time in-
terval as determined by feedback resistor 150 and ca-
pacitor 148, the Schmitt trigger 142 will trigger and
cause transistor 134 to conduct and discharge capacitor
128. When capacitor 128 discharges, the DC level in the
output of DC amplifier/integrator 124 will return to
almost zero. Then, with no DC component present in
the input to the capstan motor 24, the motor will rapidly
decelerate. -

Motor control output at junction 12§ is supplied
through a resistor 152 to the negative input of an inte-
grated circuit DC amplifier 154, the positive input of
which is connected to a junction 156 and parallel resis-
tors 158 and 160 to ground lead 162. A voltage divider
including potentiometer 164 connected between ground
lead 162 and negative input to DC amplifier 154 pro-
vides initial drive tracking calibration. The output of
amplifier 154 is applied to the base of transistor 166, a
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PNP type 2N4402, that is connected cominon emitter to

capstan motor drive lead 168 while the collector is
connected through a resistor-170 to junction 172 at the
base input to transistor 174, an NPN type 2N4922. The
base junction 172 is further connected via a resistor 176
and parallel-connected series diodes 78 to the negative
15 volt supply lead 180 from the primary power source.
The non-inverting input of amplifier 154, i.e., junction
point 156, is connected to provide the positive capstan
motor drive on lead 182. A high wattage resistance 184
is connected between capstan motor output drive leads
168 and 182 to provide dynamic braking of the capstan
motor upon down speed changes, and a series-con-
nected normal-closed relay 186 may optionally be in-
cluded to enable certain other operational characteris-
tics, as will be further described below.

Positive 15 volt supply input is applied on lead 188 for
application as required throughout the control circuit
32. Speed level control indication for usage on front
panel indicators and the like is output on a lead 190 in
response to actuation of control bits 3, 4 and 5. That is,
with control bit actuation on one of control bit leads
102, 104 or 106, signal indication is provided through
respective ones of diodes 192, 194 and 196 to the speed
level output lead 190. The normal-closed relay 186 may
be optionally included to enable certain performance
characteristics, to be described, and such relay 186
should be selected to energize open in response to pres-
ence of a HIGH voltage level on control bit 5 lead 106,
the times four multiplier indication.

External reference frequency can be utilized as input
on line 36, but a two-position switch 200 may be actu-
ated to provide internal reference frequency from an
oscillator 202. Oscillator 202 is a standard form of inte-
grated circuit oscillator which is adjustable between 150
and 300 Hz. by means of potentiometer 204 in the feed-
back circuit.
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The oscillator 204 is presently made up of a section of
integrated circuit module, a quad Schmitt trigger type
MC14584BCP. Also, the Schmitt trigger circuits 70, 94,
140 and 142 are constituted in present design of a single
integrated circuit, a quad Schmitt trigger type
MC14584BCP. The amplifiers 86, 90, 124 and 154 may
be constructed utilizing a single integrated circuit of
Type MC4741CP. NOR gates 114, 116, 118 and 122
may be IC Type MC14001BCP. It should be well un-
derstood, however, that selection of the particular types
of individual stages and integrated circuit components is
well within the choice of the circuit user.

In operation, the present variable speed tape drive
system is a truly synchronous system which is immune
to drift with temperature, voltage, load, and mechanical
slippage. This system maintains independence of pulley
ratios since the capstan rotation is precisely sensed and
is totally synchronous with the reference frequency.
Precise discrete speeds may be selected by the digital
control bit inputs, with selection over a wide range, and
continuously variable control is readily obtained by
variation of the reference frequency. In present design,
the reference frequency is selected to be 240 Hz. and
this can control a speed range of up to 32 to I; but, it
should be understood that variation of the reference
frequency may satisfy certain additional requirements,
e.g., with a reference frequency of 150 Hz. the speed
range can be varied from 48 to 1.

The tone wheel as read by magnetic sensor 28 pro-
vides precise rotational reference pulses, and the tone
wheel signal and the 240 Hz. reference signal are both
converted to positive square waves by Schmitt triggers.
Programmable counters 78 and 80 and phase compara-
tor 74 are then used to provide 240 Hz. uni-directional
puises having a pulse width which is indicative of the
time difference between the 240 Hz. reference pulse and
the tone wheel output. The pulse output from phase
comparator 74 on lead 110 is then fed to a DC amplifier
to drive the capstan motor via output on leads 168 and
182 (lead group 42). The DC amplifier/integrator 124
partially integrates the pulses to provide a basic DC
component in the output which is proportional to the
speed-determined width of the pulses. The resultant
drive voltage is a flat DC level with 240 Hz. positive
pulses superimposed thereon.

The pulse height, width and the DC level assume
different relative proportions for each speed as deter-
mined by division of the tone wheel repetition rate in
the programmable counter 78. The DC voltage level
determines the gross speed, while the pulses maintain
synchronization. In essence, the 240 Hz. reference
pulses drive capstan motor 24 in concert with a DC
level that is determined by the pulse width obtained by
phase comparison with the speed-generated signal from
speed sensor 28 (magnetic sensors 50). The system seeks
to run at a speed that results in a constant and even
repetition rate of the tone wheel signal, and since this
cannot be achieved until it is in synchronization with
the reference frequency, it cannot lock on any other
frequency.

The phase comparator 74 is a logic type leading edge
comparator such that the 240 Hz. reference frequency
leading edge turns the comparator output on, and the
leading edge of the tone wheel pulse turns it off. Thus,
the output of comparator 74 will have a saturated
HIGH logic level until it is turned off by a pulse from
the tone wheel speed sensor 28. In the absence of a
speed sensor output signal it will remain HIGH indefi-
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nitely, causing the motor to reach maximum speed.
Conversely, if the tone wheel speed sensor output signal
is a much higher frequency than the 240 Hz. reference
frequency, the output of phase comparator 74 will go

LOW and remain that way until the tone wheel signal 5

frequency drops below 240 Hz., thus causing the motor
to slow down, or even to stop if there is no 240 Hz.
reference signal present. In this manner, the system is
able to track properly in direction of speed adjustment.

The actual speed is determined by the programmable
counters 78 and 80, the division ratio of which is set by
the § control bit digital input lines 98-106. If the divi-
sion ratio is increased by a factor of 2, the motor must
run twice as fast to produce pulses at the 240 Hz. refer-
ence frequency rate. The number of teeth on the tone
wheel 26, the division ratio of counters 78 and 80, and
the reference frequency are the only factors than can
affect the accuracy of capstan speed, provided that the
speed to be selected is within the capabilities of the
motor.

When using the direct capstan system as illustrated in
FIGS. 2 and 3, and a selected reference frequency of
242.57 Hz., five control bit speed selection will enable
the following:

SPEED SELECTED  SPEED SELECTED

B WITHOUT 5th BIT WITH 5th BIT
BCD INPUT IPS IPS

1 1.875 7.500
2 3.750 15.000
3 5.625 22.500
4 7.500 30.000
5 9.375 37.500
6 11.250 45.000
7 13.125 52.500
8 15.000 . 60.000
9 16.875

10 18.750

1 20.625

12 22,500

13 24.375

14 26.250

15 28.125

In an alternative form of the indirect capstan system
as illustrated in FIG. 4, with a 240.76 Hz. reference
frequency, four control bit speed selection enables the
following:

BCD INPUT SPEED SELECTED

1 1.00 ips
2 2.00 ips
3 3.00 ips
4 4.00 ips
5 5.00 ips
6
7
8
9

6.00 ips
7.00 ips
8.00 ips
9.00 ips
10.00 ips
11.00 ips
12.00 ips
13.00 ips
14.00 ips
15.00 ips
16.00 ips

Thus, any desired tape speed range between wide
limits may be provided by specific selection of reference
frequency, tone wheel output pulses per revolution
and/or the binary coded decimal control input to
counter 78. In the present embodiment as described

20

25

30

35

45

50

55

65

8

heretofore, the parameters adhere to the speed calcula-
tion formula:

Tape Speed (/P5)= Reference Frequenoy 3710505

where the multiplier 0.37102208 is equal to tape move-
ment per capstan revolution.

The circuit comprised of amplifier 154, transistor 166
and transistor 174 forms a DC power amplifier to drive
the capstan motor 24 in response to input as developed
at junction point 126. This reactive triad constitutes a
linear amplifier whose output is zero when the input is
zero. The amplifier presents the pulses and associated
DC level to the motor via capstan motor leads 168 and
182, and the DC level establishes gross speed, while the
pulses maintain synchronization. The pulse height,
width and DC level assume different relative propor-
tions for each speed. The period of drive power to the
capstan drive motor 24 is always that of the reference
frequency, regardless of the speed.

Motor current sampling is employed to improve sta-
bility and linearity of the DC power amplifier and to
help maintain a linear rpm per volt relationship regard-
less of load. This is achieved by the small voltage drop
across parallel resistors 158 and 160 connected to the
non-inverting input of amplifier 154. Thus, increased
loading of the capstan motor 24 will result in increased
power applied thereto in order to offset errors pro-
duced by the loading. While this action is not vital to
the system operation, since the speed sensor also causes
compensatory action, the net effect is greater stability.
To reduce system inertia still further, resistor 184 shunts
the motor 24 to provide dynamic braking action. This
reduces the tendency of overshoot between pulses and
provides faster speed reducing times. At maximum
speed the resistor 184 consumes more current than the
motor 24, and in the event that it may desirably be
eliminated, it may be done by interconnecting a com-
mand from control bit 5 lead 106 to normal-closed relay
186. This option serves to reduce the power required
and to increase the reserve necessary to maintain syn-
chronization if the maximum speed of 60 inches per
second is used.

The foregoing discloses a novel variable speed record
tape drive system that is a precisely synchronous system
having very low inertia. The system is immune to drift
of temperature, voltage, load and mechanical slippage,
and it is independent of pulley ratios since the capstan
rotation is precisely sensed and is totally synchronous
with the applied reference frequency. While the forego-
ing description has been primarily directed to record
tape transport apparatus of the well-known cassette
type utilizing conventional 0.150 inch tape cassettes, it
should be well understood that the similar type of drive
system can be effectively employed with any reel-to-
reel recorder system.

Changes may be made in the combination and ar-
rangement of elements as heretofore set forth in the
specification and shown in the drawings; it being under-
stood that changes may be made in the embodiments
disclosed without departing from the spirit and scope of
the invention as defined in the following claims.

What is claimed is:

1. Apparatus for variable speed control of record tape
moved by an electric motor driving a capstan, compris-
ing:

means for generating a reference frequency signal;
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means sensing capstan rotation to generate a pre-set
number of rotation pulses per capstan revolution;

means for dividing said rotation pulses at a selected
division ratio to provide a divided pulse output;

means for comparing the phase of said reference fre- 5
quency signal and said divided pulse output to
generate a speed variation signal having pulse
width indicative of error time difference; and

means amplifying and partially integrating said speed
variation signal to produce a drive output consist- 10
ing of drive frequency pulses superimposed on a
controlled DC level that is varied in proportion to
pulse width of said speed variation signal, thereby
to energize the motor driving said capstan.

2. Apparatus as set forth in claim 1 wherein said

means sensing capstan rotation comprises:

tone wheel means connected for synchronous rota-
tion with the capstan and having a plurality of
indicators disposed equispaced around the periph-
ery; and

means sensing each of said indicators to generate said
rotation pulses.

3. Apparatus as set forth in claim 1 wherein said

means for dividing comprises:

selector means generating a selected binary coded
decimal signal combination; and

programmable counter means receiving said rotation
pulses and said signal combination to provide said
divided pulse output.

4. Apparatus as set forth in claim 2 wherein said

means for dividing comprises:

selector means generating a selected binary coded
decimal signal combination; and
programmable counter means receiving said rotation

" pulses and said signal combination to provide said
divided pulse output.

5. Apparatus as set forth in claim 1 wherein said

means amplifying and integrating includes:

operational amplifier means receiving as input said
speed variation signal, said amplifier means operat-
ing at unit gain and including integrating feedback
means which enables said drive pulse output with
controlled DC level.

6. Apparatus as set forth in claim 2 which is further
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said reference frequency is approximately 240 Hz.
and said tone wheel means includes 48 indicators.

7. Apparatus as set forth in claxm 3 which is further

characterized in that:

said selector means provides a different binary coded 50
decimal signal combination for selected division
ratios from one to fifteen.

8. Apparatus as set forth in claim 7 wherein:

said selected division ratios enable incremental tape
speed changes from approximately 1.875 inches to
28 inches per second.

9. Apparatus as set forth in claim 7 which is further

35

characterized to include:

a binary coded decimal multiple times four input from
said selector means to said programmable counter
to extend the variable tape speed range to approxi-
mately 60 inches per second.

10. Apparatus as set forth in claim 1 wherein said

means for comparing comprises:

phase comparator means receiving said reference
frequency signal and said divided pulse output at
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respective first and second inputs and generating a
speed variation pulse output at said reference fre-
quency with pulse width indicative of phase differ-
ence.
11. Apparatus as set forth in claim 1 wherein said
means amplifying and partially integrating comprises:
amplifier means receiving said speed variation signal
and generating a pulse output signal;
capacitor feedback means connected between output
and input of said amplifier means to adjust the DC
level of said pulse output signal; and
DC power amplifier means receiving said pulse out-
put signal and generating said drive pulse output to
energize said motor.
12. Apparatus as set forth in claim 10 wherein said
means amplifying and partially integrating comprises:
amplifier means receiving said speed variation signal
and generating a pulse output signal;
capacitor feedback means connected between output
. and input of said amplifier means to adjust the DC
" level of said pulse output s1gnal and
DC power amplifier means receiving said pulse out-
put signal and generating said drive pulse output to
energize said motor.
13. Apparatus as set forth in claim 4 wherein said
means for comparing comprises:
phase comparator means receiving said reference
frequency signal and said divided pulse output at
respective first and second inputs and generating a
speed variation pulse output at said reference fre-
quency with pulse width indicative of phase differ-
ence.
14. Apparatus as set forth in claim 13 which is further
characterized in that:
said selector means provides a different binary coded
decimal signal combination for selected division
ratios from one to fifteen.
15. A method for synchronous drive control of re-
cord tape, comprising:
generating a predetermined reference frequency sig-
nal;
generating a sense signal indicative of record tape
speed;
comparing the phase of said reference frequency
signal and said sense signal to generate a pulse
output at said reference frequency wherein pulse
width is indicative of variance from synchroniza-
tion; and :
pamally integrating said pulse output to develop a
-drive pulse output having pulses atsaid reference
frequency superimposed on a DC level that varies
proportional to record tape speed error to maintain
said reference frequency signal and said sense sig-
nal in synchronism.
16. A method for synchronous drive control as set
forth in claim 15 which further includes the step of:
varying the speed of said record tape by dividing said
sense signal in accordance with a selected division
ratio.
17. A method for synchronous drive control as set
forth in claim 16 which further includes the step of:
providing a preselected plurality of sense signal divi-
sion ratios for selective control of the record tape

speed over a range of discrete tape speeds.
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