


SPECIFICATIONS

5280A REVERSIBLE COUNTER

GENERAL

Range: DC to 2 MHz Channel A or Channel B (see
5285A specifications for details concerning
other input requirements).

Registration: 6 Long-life Rectangular Nixie tubes
(Tth and 8th digit of readout available). + and -
indication by long-life rectangular Nixie tube.
Overflow indication by front panel neon light.

Reset: Remote by contact closure or saturated
NPN transistor to ground. Input via rear panel
BNC. Manual by front panel push button.

GATE CONTROL

Manual: Controlled by front panel function switch
for OPEN and CLOSED positions.

EXTERNAL DUAL

Input: Separate BNC's on rear panel for START
and STOP inputs. Triggered by DClevel change
or pulse.

Sensitivity: sine wave; 1V rms. Pulse; 2V p-p.
Impedance: Approximately 100k®2. 25 pF shunt.

Trigger Level: +10 volts to -10 volts, adjustable
at the rear panel. Independent controls on
each input.

Polarity: + or - rear panel switch selects trig-
gering slope.

EXTERNAL SINGLE

Input: START BNC on rear panel.

Sensitivity: sine wave; 1V rms. Pulse; 2V p-p.
Impedance: Approximately 100k2. 25 pF shunt.

Trigger Level: +10 volts to -10 volts, adjustable
at rear panel.

Polarity: + or - rear panel switch selects gate
open polarity.

Gate: (+)Openswheninputis positive with respect
to thetrigger level. Closes when input is nega-
tive with respect to the trigger level. (-) Inverse
of (+). Manually switched DC voltage is a
satisfactory gating input.

PRINTER OUTPUT

Output*: 4-line 1-2-4-8 BCD.
0" State Level: approximately -14 volts.
""1" State Level: approximately +14 volts.
Overflow: Single line output

off level approximately +17V.

on level approximately -13V.

+Nixie Sign (indicates sign of count).
Single line output
+ level approximately -15V,
- level approximatly +13V,

5285A UNIVERSAL INPUT PLUG-IN
(for operation in HP Model 5280A only)

INPUT CHANNELS (A and B)

Range: DC coupled: 0tomore than 2 MHz. AC
coupled: 10 Hz to more than 2 MHz.

Impedance: Approximatelyl megohm, 75 pFshunt.

Maximum Input: AC coupled, +600 volts peak;
DC coupled, 25 volts RMS (x1), 150 volts
RMS (x10), 350 volts RMS (x100).

Sensitivity: 0.1 volt RMS sine wave; 1 volt pulse,
0.2 psec minimum width.

Trigger Level: -100 to +100 volts, adjustable,
independent controls on each channel.

MODES OF OPERATION

A Quad B: Totalizes A as a function of B phase

Maximum rate 1 MHz (same frequency in
both channels).

Totalizes A positively if B leads A.

Totalizes A negatively if B lags A.

(Above for directional MODE switch in FWD
position. Count direction reversed with
switch in REV position. )

Af(B): Totalizes A as a function of B from DC to
more than 2 MHz. If B is positive, A is
totalized positively. If B is negative, A is
totalized negatively. Count direction reversed
within 250 nsec of B step function command.
(Direction of A counted as a function of B is
reversed with directional MODE switch in REV
position. )

Algebraic A, B: Countsboth AandB according
to MODE selector setting.

A: A only to greater than 2 MHz.

A-B: Input AminusInput B: to 1 MHz per channel
Anti-coincident circuit prevents count loss when
pulses arrive in time coincidence.

A+B: Input A plus Input B; 1 MHz per channel.
Anti-concident circuit prevents count loss
when pulses arrive in time coincidence.

B: B only to greater than2 MHz. (Direction of
counting is reversed with the direction MODE
switch in -position, i.e., modes would be -A,
-A+B, -A-B, -B.)

*4-line BCD outputs for the Tth or 8th digits of
readout available on special order only.

1-2-2-4 BCD "'1" state positive in lieu of
1-2-4-8 available as option 01.
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SUMMARY

This Application Note gives a broad coverage of the
measurement and control situations for which a re-
versible (or bidirectional) counter is eminently suited.
The decades in such a counter have the ability to tot-
alize in a negative as well as a positivedirection, and
to count through zero in both directions. As a result,
the counter finds great use where a need to subtract
is required, where two frequencies or rates are to be
compared, where a variable is to be compared against
a reference, or where absolute position, positive or
negative, is to be indicated.

This note initially describes the HP 5280A/5285A
Reversible Counter and its many features. The input
signal requirements and limitations are thendetailed,
followed by adiscussion of those transducers that may
be used to measure a physical property and convert

this measurement into an electrical signal suitable
for feeding into the Reversible Counter.

Next, there is brief mentionof the output signals pro-
vided by the counter, and of the devices that may be
coupled to the output for recording, scanning or trans-
mission of data to an indicating instrument or a com-
plete data acquisition system.

Finally, there is a description of a few typical appli-
cations in which this versatile counter may be used; the
intention is not only to describe what has been done be-
fore, but mainly to stimulate the reader's imagination
to seek further applications for the counter.

The Reversible Counter has achievedgreat success in
research laboratories, but its potential in industrial
situations, although as yet not fully recognized, is vir-
tually unlimited.

APPLICATIONS

There are varied applications for reversible counters
in many diverse fields. Note that A" and "B" refer
to the two independent input channels of the counter.

The first area that suggests itself is machine control.
Reversible totalizers are now being used, and will be
used more as manufacturers go to automated machine
control. The movement of a tool along an axis can be
accurately indicated by the reversible totalizer when
used with the proper transducers. The zero crossing
feature allows plus and minus readings from an arbi-
trary zero point.

The introduction of the laser interferometer to the
machine control industry has created a need for the
high speed reversible totalizers such as the 5280A/
5285A. The interferometer contains mirrors, one of
which is mounted on a movable platform such as the
carriage of a machine tool. As it moves, light fringes
or light and dark areas are generated which are ap-
proximately 10 micro-inches apart; these light inten-
sity changes are detected by a photo-device such as a
photocell which converts them to electrical signals.
The signals are totalized by the reversible counter
which therefore indicates movement plus or minus so
many tens of micro-inches. Directional information
is available because a second sensor is located so that
its output differs in phase from that of the first sensor
by 90 electrical degrees.

Machine control devices that might use totalizers are
milling machines, grinders, drilling machines, lathes
and jib borers. Reversible totalizers can be used with
rectilinear plotters in preparing and checking punched
tape used for control of automatic machines.

The chemical processing industry makes use of rever-
sible totalizers and counters in liquid flow metering
and blending operations. The relative flow rate of two
liquids can be monitored by use of the counter's gated
A-B mode. The amount of liquid contained in a tank
could be constantly displayed by an A-B totalizer.
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The totalizer A input would be proportional to the
amount of liquid put into the tank and the B input pro-
portional to the amount drained from the tank. The
difference would be the amount of liquid in the tank.

Gyroscope testing requires reversible counters.
There seem to be many different ways to test gyros
but reversible counters are often employed. If a dc
voltage is generated proportional to the drift of the
gyro, it can be applied to a voltage-to-frequency con-
verter, the output of which is counted by the rever-
sible counter. The A input is the frequency rate for
zero drift and the B input is the output of the conver-
ter. The difference reading would be an indication of
the gryo's average drift for the period of the sample
time. The sample time can be made as long as de-
sired. Readout of gyro test table position can be ac-
complished by using the reversible counter, and elec-
trical or optical transducers.

In the nuclear field, reversible totalizers can be used
to indicate control rod position in nuclear reactors.

In radiation counting, the operator can remove back-
ground noise by using the counter in the A-B mode,
where A is counting the test sample radiation includ-
ing background and B is counting just background
radiation.

Astronomers have used reversible counters to meas-
ure the relative light intensities of various star fields
and star positions..

Geologists have used the counter in similar manner
to measure relative magnetic field strengths.

In electronics, two frequencies often must be com-
pared, a comparison made easy by use of the rever-
sible counter. When the readout stops changing they
are equal. The counter can then be reset to zero, and
the amount and direction of relative drift monitored.
Symmetry of square waves can be measured to high
resolution with the reversible counter.
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SECTION |
GENERAL INFORMATION

GENERAL

This Application Note surveys inbroad terms the wide
range of measurement and control situations inwhich
reversible counters are potentially useful. The aim is
to stimulate the reader's imagination and creative in-
stincts by detailing some possible applications of a
particular reversible counter, in order that he may
consider ways and means of employing such a counter
for his own purposes.

To this end, a fair portion of the Application Note is
devoted to descriptions of those features which make
the reversible counter such a valuable unit, and of the
input and output requirements of the counter.

Itis essential that the potential user be acquainted with
the various operating modes of the reversible counter;
it is essential that he have some roughidea of the types
of electrical signals that are necessary to drive the
counter. If his application is such that he will be re-
lying not entirely on visual display (readout), but will
be using recorders or data gathering and transmission
systems, or remote warning devices, then it is also
necessary that he be acquainted with the character-
istics of the electrical output signals.

In many cases whenthe HP 5280A Reversible Counter
is being considered for use in monitoring a physical
property, the feasibility of the application will depend
uponthe ability of the user to provide a suitable means
of transforming that physical property to an appropri-
ate electrical signal. Such a transducer will have an
output in the form of a sinewave, a squarewave, or
rectangular pulses; the rate or time of appearance of
these signals is related in some way to the magnitude
of the physical property being measured. It will be up
to the user, whether he be a nuclear physicist or a
production engineer, to seek outa transducer suitable
for his purpose. He will also have to ensure that the
transducer is accurate enough and/or inexpensive
enough for his purposes, and that it mates to the re-
versible counter. Itisfor these reasons that he should
be aware of the input requirements of the counter.

Because of the importance of transducers, Appendix I
describes some suitable ones and how they work. Be-
cause these are comparatively few in number, appli-
cations of the reversible counter will be increased
considerably by the user's ingenuity in seeking out or
inventing suitable transducers, or in adapting presently
availabletransducers and techniques to his particular
requirements.

UNIDIRECTIONAL COUNTERS

Since the introduction of the first electronic counter
by Hewlett-Packard way back in 1951, the electronic
counter has gained wide and increasing acceptance,
until now it is one of the most important measuring

02366-1

instruments in the electronicsfield. Initially an elec-
trical frequency measuring device, the counter has
been made so versatile that it can now be used for a
wide variety of frequency (rate) and time measure-
ments. Basic measurements which can be made in-
clude frequency, period and multiple period average,
ratio and multiple ratio, time interval, and prescaling
(toincrease allowable maximum frequency to be meas-
ured), depending upon the versatility of the counter
and plug-ins. In addition, preset counters, which
allow the counter main gate to be held open for N
periods of a selected counter time base frequency,
permit multiplication and division by N, and the se-
lection of a time interval for N events to occur.

The basic input to an electronic counter consists of a
time series of electrical signals, with shapes that may
vary from sine-wave to square-wave to some in-
between irregular shape. The shape and amplitude
of the signals are immaterial, except insofar as they
must allow satisfactory triggering of the counter. By
appropriate circuitry a signal is ""shaped" to sharpen
the edge and the pulse is then fed into binary logic
circuits which in effect, "add 1'. This "one'" count
is transmitted to decade circuits, and the output is
displayed on Nixie tubes in decimal form -0, 1, 2,
etc.

Every pulse that arrives in sequence is totalled in a
positive direction, and the display will keep on in-
creasing with the receipt of every additional pulse
while the counter gate is open. By the provision of
a time base which opens the counter gate for an ac-
curately predetermined period of time, a counter is
able to measure frequency: if 1500 pulses are counted
in a time period of 0.1 sec, then the frequency or

rate i8 500 pulses

DT sccords 15, 000 pulses per second

The counter display may be reset manually or auto-
matically to enable it to start counting afresh from
zero, and the sample rate, or rate at which the coun-
ter is reset, may also be selected for convenience of
readout.

The electronic counter has gained such wide accept-
ance because of its automatic operation and its ex-
tremely high accuracy. Another characteristic, par-
ticularly important in, say, production testing, is of
course the simple direct count display, allowing rapid
measurement and recording by unskilled operators
with minimum possibility of readout error.

These features are also present in the 5280A Rever-
sible Counter, making it an ideal instrument for both
laboratory and industrial use.

The decades in the well-known unidirectional counter
will totalize in a forward direction alone; the receipt
of any pulse can result only in the addition of a positive

1
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increment tothe count. The unique feature of arever-
sible counter is that it accepts and records negative
increments, and thus the count is able to decrease in
numerical value, and even to record negative totals.

REVERSIBLE COUNTERS

A typical counting sequence of the Hewlett-Packard
5280A Reversible Counter might be

01234323210-1-2-3-2-3 -2 -1
0 +1 ete. As explained in SectionIl, such a sequence
might be obtained by adding pulses on one channel and
subtracting pulses onthe second channel. Alternately,
such a sequence might be obtained by, in effect, count-
ing pulses on the first channel only, but at the same
time feeding information into the second channel which
instructs the counter asto whether these pulses areto
be added or subtracted.

When the Reversible Counter is operated as a "total-
izer'" with the count gate left open, then, for example,
it may be used to indicate linear position with respect
to a selected reference point. Assume that every in-
cremental change of position of one thousandth of an

inch leads to one pulse being fed to the counter. As-
sume also that information detailing whether that in-
eremental change was in a forward or backward direc-
tion is supplied to the counter. Now in the counting
sequence above, the count at any point in time would
indicate the position of the variable forward or back-
ward of the reference position, measured by nx 1/
1000 inches.

This means of measuring position cannot be achieved
using a unidirectional counter; its count can only in-
crease positively.

The reversible totalizer becomes a true counter by
the provision of atime base, either internalor exter-
nal, which controls the length of time for which the
count gate is open. The instrument is now able to
measure and compare frequencies or rates, such as
revolutions per minute, gallons per second, averaged
over time intervals whose duration is selected by the
user.

The 5280A/5285A may be used either as a totalizer
or as a counter (with external time base). An inter-
nal time-base is now available on special order. See
Appendix III for details.

02366-1
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SECTION II
THE HP 5280A REVERSIBLE COUNTER

Now that the reader has some idea of the potential
applications of reversible counters, and where such
counters differ from unidirectional electronic coun-
ters, it will be beneficial if some of the important
features of the HP 5280A are briefly discussed.

At present, there is one plug-in unit available for use
with the 5280A Reversible Counter; this is the HP
5285A Universal Input Plug-in. We shall consider the
two components as one unit since both must be ordered,;
neither one will operate independently of the other.

Appendix II shows front panel and rear panel views of
the counter, together with short descriptions of the
features and controls.

FEATURES AND BENEFITS.

The first characteristic that should be borne in mind
is the great versatility of this counter. It has six
basic modes of operation:

Algebraic A: totalizes input pulses on channel A,
Algebraic B: totalizes input pulses on channel B.
Algebraic A+B: totalizes the sum of the input pulses
on channel A and channel B.

Algebraic A-B: totalizes the pulses on the two chan-
nels in such a way that channel A pulses are counted
positive, while channel B pulses are counted negative.
See Figure 1.

the signal on channel B is more positive than its set
trigger level, channel A is added. When channel B is
more negative than its trigger level, A is subtracted.
See Figure 2.

5280A / 5285A

| LI-

A Source,
Count Pulses

add
B Source,

Directional Information .J_‘_!_L

subtract

Fig. 2— Example Of Af(B) Operation

f'k [3 =22

5280A /5285A
A Source B Source
(Standard) (Sample)

PULSE GENERATORS

Fig.1- Example Of A-B Operation

Af(B): in this mode, which is called Aas a function of
B, only channel A is totalized. Its count direction is
controlled by the voltage level onthe B channel. When
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A Quad B: this mode is similar to Af(B) above in that
only channel A is totalized, but the direction of count
is controlled by the phase relationship between inputs
A and B. When the pulses on channel B lead those on
channel A by a 90 degree phase angle, then channel A
pulses are counted in a positive direction. However,
when the pulses on channel B lag those on channel A
by 90°, then the channel A pulses are counted in a
negative direction: for example, +3, +2, +1, 0, -1,
-2, etc. See Figure 3.

As afurther convenience, a count reversing switch is
provided. Thusthe above modes may be converted to:
-A, -B, -(A+B), -(A-B),ie., -A+B, -Af(B), -AQuad B.

To ensure easy mating between the pre-counter units
and the counter, the trigger levels are continuously
variable between +100 volts and -100 volts, with pro-
vision for ac and dc coupling. In addition, the A and
B triggering waveforms are available through buffers
on two rear panel monitor BNC's. In the A Quad B
mode, and particularly at high count rates, it is im-
portant that the A and B signals be 90° out of phase.
Through the above provision, the waveforms can be
displayed on a scope to check that the signals are in-
deed in phase quadrature.

The versatility of the machine is further evidenced
by its gating provisions. It has, of course, a manual
control for opening and closing the gate. Strictly

3
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5280A /5285A

Quadrature Signals

Subtract

TRANSDUCER

Fig. 3- A Quad B Mode Of Operation

speaking this unit is defined as a totalizer; neverthe-
less, by supplying suitable signals for opening and
closing the gate, it will then measure rates such as
gallons per minute, cycles per second, etc. Pro-
vision is made for external gating control on either
a single line (positive signal opens gate; negative sig-
nal closes gate) or by start and stop signals on two
separate lines.

The second important characteristic of this counter
is its ability to count very rapidly in both directions.

In the A, B and Af(B) modes, the instrument will tota-
lize at a maximum rate of 2 MHz (the maximum rate
inthe other modes is1 MHz). A very important spec-

ification of a bidirectional counter is the time required
to reverse the direction of count; the 5280A can handle
4 reversal of direction in 250 nanoseconds with no loss
of counts. In addition, it should be noted that this unit
will count through zero at the full specified rate; some
counters require that the system be slowed downwhen
counting through zero to ensure sensing of the zero
crossing.

Other features of varying importance are:

1. The 5280A has anti-coincidence circuitry as a
standard feature. This ensures that, in the A+B
and A-B modes, every single input pulse is
counted, no matter what the relative phasing of
the signals on the A and B input channels. If
pulses are received simultaneously on the two
channels, this circuit delays one of the pulses so
that both may be totalized with no loss of counts.

2. Read-out incorporates a six-decade, in-line
Nixie display for easy visibility. An additional
one or two decades (digits) may be supplied on
special order, with no decrease in maximum
count rate. Some other designs require that when
extra decades are added, the count ratebe reduced
so that no counts are missed. Thus it is possible
to increase count registration up to aneight-digit
readout.

3. A 1-2-4-8 BCD output is available at the rear
panel to operate a digital printer, or for control
or recording purposes within a system. This
feature will be discussed in greater detail later.

4, The 5280A counter is provided with plus and minus
polarity indication, overflow indication, and a re-
set feature controlled by both afront panel push-
button and a remote signal.

02366-1
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SECTION Ill
INPUT SIGNALS

Before specific applications are discussed, it is nec-
essary that the reader understand clearly what type
of input information is acceptable tothe 5280A/5285A
Counter.

5285A PLUG-IN.

One parameter of an electrical signal is amplitude.
Itis obvious that excessively large signals will damage
an instrument and care should be taken not to exceed
the specifications. However, the 5280A does allow a
wide range of input amplitude magnitudes. With ac
coupling, the maximum input allowable goes upto = 600
volts peak. Withdc coupling and maximum attenuation
(i. e. x 100), the maximumallowable signalis 350 volts
rms, (However, it should be noted that for dc coup-
ling with X10 attenuation the maximum is 150 volts
rms; with X1 attenuation, the maximum is 25 volts
rms). Thus it can be seen that almost any input sig-

nal will be acceptable to the 5280A counter (with re-

spect to the possibility of damage due to excessive
amplitude).

The minimum input level is just as important. At
what input levels will the signal amplitude be so small
that it will not activate the counting circuits? The
sensitivity of the counter depends uponthe wave shape
of the input signal. For sine waves the sensitivity is
0.1 volts rms (or 0. 28 volts peak-to-peak), while for
square waves or pulses, a minimum pulse amplitude
of 1 volt peak-to-peak has been specified.

The user must be sure that the signals supplied to
the counter exceed these minimum levels, or the
counter will not perform properly. It will either not
count at all, or may count haphazardly and so miss a
certain percentage of counts.

The counter is designed not to respond to signals be-
low these levels, so thatnoisy signals or the presence
of background noise do not lead to incorrect counting.
The user should attempt to provide as ''clean” an in-
put signal as possible, but noise amplitudes of a few
millivolts are tolerable.

Another parameter of an electrical signal that is of
great importance is frequency or pulse rate. The
5280A Counter is slow considered within an overall
spectrum of electronic counters; viewed with respect
to the class of reversible counters, it is extremely
fast indeed. Given a sine wave input, this counter
will totalize in 3 modes, A, B, and Af(B) up to fre-
quencies of 2 MHz; in the other modes the maximum
permissible frequency is 1 MHz,

When pulse inputs are under consideration care has
to be exercised. These same high frequency limits
just mentioned apply to square-wave signals. How-
ever, what about the case where the average pulse
rate may be acceptable, but the pulses come inbursts ?

02366-1
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Consider the pulse train shown in Figure 4A. Here the
average pulse rate is 2 x 105 pulses per second, but
the effective pulse rate required is 10" pulses per
second, because the two pulses in a pulse burst are
only 1.0 usec apart. The 5280A counter will per-
form perfectly. However, a counter rated at 200 kHz
(the average pulse rate) may count only every second
pulse and the display will then read one half the actual
count rate. It is more likely that such a counter
would not count at all, or at best haphazardly. In
generalwe may say that the 5280A counter will handle
pulses as little as 0.5 psec apart.

The high count rate is important in many applications,
particularly in position sensing. In this application,
rapid vibration or slewing of the transducer will re-
quire that the counter be able to handle bursts of
pulses that may be very close together.

_ﬂ—(ﬂ\Abiliiy to count at | MHz required -|_|-L
|~—I ysec
IOy sec ————»

Fig. 4A- 200kHz Pulse Train

+I10V —

a. Trigger Level +5V — ——F—-F —F — -
ov — —
oV —

b. Trigger Level =5V — — - — | —F — |-

+5V —

c. Trigger Level OV—- - —-—=pF—-F—F—-

Fig. 4B- Trigger Level Settings For Various DC
Coupled Input Signals

Trigger Level- — — — —
oV

Fig. 4C- Noisy Signal
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A further considerationto bear in mind when counting
pulses, as opposed to sine wave signals, is the width
of the pulses. The 5280A requires pulses that are
greater than 0.2 microseconds in duration.

In the majority of cases, use of either the ac or dc
coupling modes will lead to perfect triggering of the
Counter by the input signal. The trigger level con-
trols allow this counter to be relatively indifferent to
input signal polarity.

Using dc coupling, we would adjust the level control
to give atrigger level of approximately +5 volts inthe
case of Figure 4B(a). For Figure 4B(b), we would
adjust the level to -5 volts and for Figure 4B(c) we
would adjust the level to 0 volts.

A situation where dc coupling would be required is
where the input frequency is very low (from 10 Hz
downto a cycle everyfew seconds or few minutes) and
where the wave shape is sinusoidal or the signals have
slow risetimes. Spasmodicand infrequent pulses may

Trigger Level # lOVizi%‘
Drift ] 8V

DC COUPLING:
Attenuator Setting XI0

ov

Fig. 5A- Trigger Level Drift Causes The Point Of
Triggering To Vary Along The Cycle

10.5V.
R e e
ov 9By —
DC COUPLING:
Attenuator Setting XI0
ov

Fig. 5B~ The Amplitude Of The AC Signal Is In-
sufficient To Trigger The Counter

0.5V~

AC COUPLING:

Attenuator Setting XI ov-

-0.5V——

Fig. 5C- The Amplitude Of The AC Signal Is Well
In Excess Of That Required To Tigger The
Counter; Drift Problems Are Reduced

still trigger the input circuitry correctly in the ac
coupling mode, provided that the rise time is less than
20 ms. One precaution required is that the signal be
of sufficient amplitude to avoid counting noise pulses.
See Figure 4C.

The ac coupling provision is particularly useful where
the input signal is offset by a large dc voltage. If dc
coupling were employedin this case, the trigger level
would have to be set to some large value and drift
problems might arise, particularly if it were neces-
sary that the triggering point remain at the same posi-
tion inthe cycle, as in AQuad B operation (see Figure
5A). In another situation, the use of the attenuator
control to enable triggering under large dc offset con-
ditions might reduce the amplitude of the informational
signal to a value below the sensitivity of the counter,
and triggering would not take place (see Figure 5B).

Now let us look at the situation if ac coupling were
employed. The dc offset voltage would, in effect, be
removed and the trigger level could be set to 0 volts.
This action leads to the avoidance of drift problems,
while the signal level is more than sufficient to drive
the counter correctly. See Figure 5C.

It has been explained what electrical signals are re-
quired to trigger this counter correctly on either the
Aor B input channels. Before it is discussed how and
from where these signals are obtained, the Af(B) and
A Quad B modes of operationand their further require-
ments will be described briefly.

In the Af(B) mode, the signals that are counted are
those on the A channel. The B signal channel controls
only the direction of count. However, it is still nec-
essary that the direction indicating signal correctly
triggers the B channel; this should be checked before-
hand by using the B mode of operation and ensuring
that correct counting is taking place.

Inthis mode, the count direction will be positive when
the B channel signal is more positive than the trigger
level setting, and negative when the B channel signal
is more negative than the trigger level setting. Thus
if the direction indicating signal varies between, say
10 volts and 0 volts (see Figure 6A), then the trigger
level setting would be adjusted to de +5 volts. It is
still essential that the signal amplitudes be sufficient
to meet the sensitivity requirements, and to swamp
out signal and background noise.

In the AQuad B mode as in the Af(B) mode, the signals
thatare counted are those on the A channel, while the
B channel controls only the direction of count. Once
more it is necessary that the direction-indicating sig-
nal correctly triggers the B channel, and this could
be checked beforehand by using the B mode of opera-
tion.

The direction of count is controlled by the phase re-
lationship between the A and B signals, and the two
signals should be in 90 degrees out of phase.

The pre-counter equipment must provide a signal to
the B channel that leads the signal to be counted by
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90° for positive direction of countand lags by 90° for
negative direction of count (see Figure 6B).

The foregoing has explained what properties an elec-
trical signal must have in order that pulses, square
wave signals, or sine wave signals may be counted by
the 5280 Reversible Counter. However, it should be
made clear that, in fact, a totalizing operation has
been discussed. If no other types of signals were fed
tothe counter, it would totalize ad infinitum in a pos-
itive and/or negative direction depending upon the
informational content of the trigger input signals to
channels A and B, starting from zero. Thus with a
suitable transducer, the counter might indicate dis-
placement or position of the sensor with reference to
a zero point, at any and every point in time after the
count pattern has been initiated.
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However, on many occasions, the user will wish to
tell the counter when to count and when not to count.
If this can be done, then a second variable, time, can
be introduced, and so rates can be measured. For
example, the display will read outa pulse rate orfre-
quency, i.e., n pulses per second.

5280A REVERSIBLE COUNTER

The 5280A counter has a number of facilities for gat-
ing the counter; in other words, for controlling the
period of time during which the counting circuit is
operative.

1. Manual. By means of a front panel control, the
operator can open the gate and initiate counting,
and then close the gate and so stop the count. The
count accumulated during that period will be dis-
played.

2. Remote. (a). Byapplying a signal toa rear con-
nector, the gate can be opened when its input is
positive with respect to the gate trigger level,
and can be closed whenthe signalis negative with
respect to the gate trigger level. (Inverse oper-
ation is possible.) The gate trigger level is ad-
justable from +10 volts to -10 volts.

3. Remote. (b). By start and stop signals to start
and stop connectors on the rear panel, the gating
period canbe controlled. On receipt ofa positive
pulse on the start line, the gate will open. On
receipt of a positive pulse on the stop line, the
gate will close. (Inverse operation is possible.)

By use of these remote gating controls, the period of
count canbe setwith an accuracy dependent upon only
the precision and stability of the gating signal source.
(The accuracy is limited by trigger level jitter and
jitter and noise on the input signal.)

The final provision required is to be able to clear the
display and reset it to zero. This can be done man-
ually or by remote control. For example, by feeding
in a series of one second gating commands and reset-
ting the display automatically after eachgating period,
the frequency of an input signal can be monitored every
few seconds.

7/8
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SECTION IV
INPUT SOURCES

In the previous section the properties of the input
electrical signals required to operate the reversible
counter correctly have been explained. Distinction
can be made among various possible sources as
follows:

SOURCE 1. Provides a signal that contains the de-
sired information with respect to the variable to be
measured, monitored or controlled.

SOURCE 2. Provides reference information, that is,
informationas to what should be the value of the meas-
ured variable, or perhaps zero point information.

SOURCE 3. Provides signals to control the counter
gate. At what points in time, and for how long, should
it be open?

SOURCE 4. Provides reset information. In many
cases, this information will be supplied to the coun-
ter simply by means of a manual push button on the
front panel.

Sources 2, 3, and 4 may or may not be present de-
pending onthe application. Let us begin by discussing
Source 1, which must always be present.

SOURCE 1 - DESIRED INFORMATION

In general, physical properties that we want to meas-
ure with the reversible counter may be classified into
two distinct categories.

a. Thevariable may be applieddirectly tothe coun-
ter, which then indicates the value of the variable in
appropriate units. Basically the counter adds or sub-
tracts pulses over a specified period of time, there-
fore the only variable suitable for direct measure-
ment is a frequency modulated signal, where the pri-
mary information consists of frequency variations.
Thus, as one example, a frequency to be measured
may be applied tothe A channel, and a reference fre-
quency (Source 2) to the B input. By totalizing in the
A-B mode for a specified period, an indication is given
of the drift of the measured frequencywith respect to

the standard frequency over the specified period of time.

This type of application, frequency monitoring, con-
stitutes a very small part of the total spectrum of
reversible counter applications.

b. Inthe second category, the variable to be meas-
ured must somehow be transformed to another variable
which provides a suitable input to the reversible coun-
ter. For example, assume that measurement of
shaft angular velocity in rpm hasto be made. Trans-
formation of this variable into atime series of pulses
whose frequency at any point in time is directly
equivalent to the angular velocity of the shaft at that
same point intime would have to occur. These pulses
could now be fed to the reversible counter, whose
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readout would indicate shaft angular velocity. The
transformation would be carried out by a unit known
as a transducer (in this case, perhaps a tachometer
generator). The transducer provides a source 1 in-
put to the counter (see Figure 7).

HP5280A /5285A
(Input A)

Source | Signal

Variable
To Be
Measured

Transducer

Fig.7 = Transducer Transforms Variable Into
Signals Suitable For The 5280A

A brief discussion will follow of the types of trans-
ducers that may be used to convert variables of in-
terest such as pressure, position, flow, into Source 1
signals suitable for the reversible counter, and so
measure these variables. Appendix I discusses suit-
able transducers at greater length.

1. The first category of transducers will provide
the majority of units suitable for reversible coun-
ter applications. Transducers that provide one
pulse when a known incremental change takes
place in the measured variable belong in this
category.

a. Turbine Flow-meter. This transducer is lo-
cated in the fluid flow line, hence the liquid must
be clear. No particles that could damage the
mechanism should be present. The transducer
is widely known and used, andis capable of hand-
ling alarge range of flow rates at high pressure.
It meters n gallons for every revolution of the
turbine blade and can, of course, be used to moni-
tor total flow as well as instantaneous flow rates
(see Figure 8). Commonly the pulses to feed the
counter are generated by magnetic induction,
hence minimum rates of flow must be maintained
to generate pulses of sufficient amplitude to trig-
ger the counter.

b. Tachometer Generator. Thistransducer may
be connected to a rotating shaftand generates by
magnetic induction a series of pulses at a rate
proportional to angular shaft speed. By suitable

9




Application Note 85

10

Straightening Vanes Turbine

Fig.8 — Turbine Flow Meter

gearing and coupling, it can be used to measure
angular and linear velocity. Asbefore, due to the
method of pulse generation, minimum shaft speeds
are necessary toprovide pulses of sufficient amp-
litude. The user should check to ensure that start-
ing and running torques do not affect the motion of
the moving mechanism.

¢. Optical Tachometer. This is a highly suitable
and useful transducer for monitoring angular mo-
tion (and linear motion using proper coupling).
The basic principle involves a light source direct-
ing abeam onto alternately transparent and opaque
areas on arotating disc connected to the shaft (see
Figure 9). A photo-detector (normally a photo
diode or a solar cell) is energizedwhenever light
reaches it through the disc, and therefore rotation
of the disc causes a series of electrical pulses.
Energy generation is independent of angular vel-
ocity (except that the response drops off at high
frequencies) and hence the device is extremely
suitable for position indication where movement
of the shaftis irregular with respect to both time
and speed. The number of output pulses per rev-
olution canbe varied according to user specifica-
tions from a few to several thousand, thus high
resolution can be obtained.

When a second light source and detector are built
into the transducer and located 90 electrical de-
grees away from the first source-detector com-
bination, two in-quadrature pulse trains are avail-
able as outputs. The reversible counter, operated
in the A Quad B mode, will now count incremental
movements in both forward and reverse directions.

d. Laser Interferometer. The principles of in-
terferometry have been used for measuring length
for half a century, but only recently, with the
development of a highly coherent light source pro-
vided by the gas laser, has it become possible to
measure length over long distances in an indus-
trial environment.

In the Michelson interferometer a light beam is
divided into two by a beam splitter (in effect a half
silvered plane mirror). Beam1 is reflected back
by a fixed mirror tothe beam splitter where it is
recombined with beam 2, which is reflected back
by 2 moveable mirror (see Figure 10). If the dis-
tance travelled by beam 1 is exactly equal to that
travelled by beam 2, then the two beams will re-
combine constructively since the two waves are
in phase (see Figure11A). Assume the mirror
moves so that the length of beam 2 is changed by
A/2where A isthewavelength of light. Figure 11B
shows how destructive interference now occurs,
since the two waves are out of phase. Further
movement of A/2willonce againlead to construc-
tive interference.

Light Source |

Photo Detector |

The two light source—photo detector combinations are
located 90 electrical degrees apart in order to sense
direction of rotation.

Fig.9 - Optical Tachometer

Moveable Mirror

Gas Laser

Light Source Fixed
Detector Mirror
Fig.10 - Michelson Interferometer
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Backward or forward movement of the mirror
will thus cause alternate light and dark fringes
to sweep across the viewing area in the corres-
ponding direction. Every appearance of a fresh
light/dark fringe combination indicates that the
mirror has moved by A/2.

It is important to note that the light beam is folded
back on itself once, thus a movement of the mir-
ror of A/2 causes an increase in the length of the
beam by A. This is why the distance moved is
indicated in increments of A/2 rather than A.

These fringes can be detected by a photo-cell; if
a second photo detector is located 90 degrees out
of phase with respect to the first detector, pulse
trains are available to drive the 5280A operated
in the A Quad B mode. Positive and negative in-
cremental movements will be indicated by the
counter in terms of half wavelengths of light.

The problem withlight sources hasbeen that they
have not been sufficiently spectrally pure; the ra-
diation has not maintained a single highly constant
wavelength. In addition, the waves sent out from
the various atoms have not been exactly in phase
with one another. Because of this, as the dif-
ference in length between beam I and beam 2 is
increased, the contrast betweenlight and dark be-
comes less noticeable and interference fringes are
hard to observe. Before the advent of the laser,
measurements over lengths considerably less than
a meter were possible.

The gas laser, however, produces very stable
single mode radiations which are also highly co-
herent, thatis, in phase, thus measurements over
several meters are easily possible. The gas
used is an He-Ne combinationwhich emits radia-
tion at a wavelength of 6328 Angstrom. One half
wavelength is therefore 12.5 micro-inches and
measurements to this order of precision or better
are possible today, and are already being demon-
strated in machine tool control systems.
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Note that the standard of measurementis a wave-
length of a stable light source, and the basic ac-
curacy is limited only by the stability and pre-
cision with which that wavelength can be main-
tained. The unit of length is completely indepen-
dent of any mechanical calibration system.

e) Optical Gratings. This type of transducer
system also makes use of the technique of fringe
counting, but the basic precision depends upon
the accuracy with which gratings can be ruled on
a substrate. The distance between the lines of
the grating is the standard of measurement. De-
pending upon the type of scale, line frequency may
vary from 1000 to 5000 per inch.

Two ruled scales are mounted in very close prox-
imity, one a moving scale attached to the carriage,
and the other a fixed index attached to the frame.
When the index is set at some small angle to the
moving scale, and the gratings are properly il-
luminated, then a number of Moire fringes (or
Ferranti fringes) will be seen (see Figure 12).
These fringes move at right angles to the move-
ment of the scale, and one fringe represents the

Hi Light Source
(]

Skewed Index
— Grating (Fixed)

i %lfllwm

S i —Photo Detector |
Malre Frings A ¥ |-Photo Detector 2

Movement (90 Electrical
Degrees Apart)

Scale Movement

Fig. I2A- Optical Grating

<——> Fringe Movement

Fig. 12B- Moire' Fringes

distance between co-existent lines on the scale.
The fringes can be counted by a photo detector-
counter combination. As before, two photo-
detectors are necessary in order to provide
information as to the direction of travel of the
moving scale.
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f) Incremental Pulsers. These may be used to
count objects moving past the transducer. An
example of this application might be packages
moving along a conveyor belt being totalled for
record keeping purposes. Commonly, the objects
might break a light beam to a photo detector and
thus provide a pulse to the counter; if the objects
were of magnetic material, they might break an
oscillating circuit and so provide pulses. Nuclear
radiation sources are another means of providing
energy beams, whose presence or non-presence
can be easily detected.

Note that the above transducers provide no reference
information; they do not measure directly in absolute
terms. Missed counts, or resetting the recording
counter to zero, will destroy information that up to
:hat time was accurate.

LR

12

The second category of transducers makes use of
an oscillating device to provide an output fre-
quency that varies with changes in the environ-
mental function. The output frequency provides
an absolute indication of the measured variable.
Typically the "normal"” or reference value of the
variable will be represented by some fairly high
frequency, and wide swings in the variable about
that reference point will be represented by a small
frequency variation about the reference frequency
(Af/f << 1),

Points to watch are the stability of the basic os-
cillator with changes in time and with changes in
the environmental conditions. Very often the
frequency may vary inversely with changes in the
property of interest; thus to maintain acceptable
linearity, it is necessary to keep Af/fy small. In
any case, the linearity of the relationship should
be checked.

In most reversible counter applications, it will
be necessary to subtract the '""zero point", or ref-
erence frequency, from the input frequency rep-
resenting the value of the measured variable. If
this is done, then the absolute value of measured
variable will be indicated directly on the counter
read-out.

a) The vibration or vibrating wire is best known
in connection with pressure measurements. The
output is a frequency-modulated signal inversely
proportional to pressure.

The transducer consists of a tungsten wire ten-
sioned in a magnetic field between an anchor point
and the pressure diaphragm; the wire forms one
arm of a bridge oscillator circuit. A feedback
amplifier excites the wire to a sustained vibra-
tion at the natural frequency determined by its
tension, which is controlled by the pressure on
the diaphragm.

b) The quartz crystal oscillator may be used in
the measurement of temperature, pressure and
dew point. Thus, a quartz crystal may be cut in
such a manner that the frequency of the oscil-
lator output varies linearly with temperature.
Hewlett-Packard has sliced a resonator in the
LC orientation to exhibit a temperature coeffic-
ient of 35.4 ppm/°C. Using a basic reference

frequency near 28 MHz, a frequency slope of 1000
Hz/°C is achieved; this shows the magnitude of
the resolution that can be obtained. The quartz
crystal is contained in a remote temperature
sensor, and its frequency is compared to a ref-
erence frequency of 28, 208 MHz, which by design
is also its frequency at 0°C. By gating a counter
appropriately, a numerical readout directly in
degrees centigrade is obtained.

Hewlett-Packard manufactures a complete quartz
thermometer, Model 2800A/2801A. However, no
temperature probe circuits canbe supplied inde-
pendently for use with the 5280A Reversible
Counter.

In similar fashion, pressure may be applied to a
quartz crystal to vary its resonant frequency.

Besides the lesser problem of achieving linearity,
the major difficulty lies in cradling the crystal in
such a manner that a wide range of pressures can
be measured without destruction of the crystal.

¢) Similartechniques may be used in variable re-
luctance and variable capacitance bridge circuits
to achieve changes in frequency with changes in
the property undergoing measurement.

The third category of transducers contains no
digital transducers at all; it consists entirely of
analog transducers with dc output. If the output
of such a transducer is transferred into digital
form by means of an analog-to-digital converter,
then this whole field of low cost transducers is
available for use with the HP 5280A Reversible
Counter,

The HP Model 2212A Voltage-to-Frequency Con-
verter produces an output pulse trainwhose pulse
rate is directly proportional tothe magnitudeof a
dc voltage applied to its input terminals. Full
scale output of the converter is 100 kHz for switch-
selected ranges in decade steps from 1 volt down
to 10 mV full scale. The converter responds
equally to positive and negative inputs.

Assume that we have a strain gage whose dc out-
put voltage is proportional to pressure. If this
de voltage is fed into a voltage to frequency con-
verter which is coupled to an appropriately gated
electronic counter, the readout onthe counter will
represent pressure. Scaling or normalizing can
be performed with the optional range vernier for
the HP 2212A or by using a variable gate time
base to gate the counter.

This system performs true integration over the
period of time selected for gating; the response
time for the converter is less than 100 usec.

A fourth category consists of nuclear digital trans-
ducers. Basically, radiation from a nuclear
source passesthrough a variable shutter which is
mechanically coupled to and controlled by the
measuring element, for example, a bourdon pres-
sure tube or a bimetallic thermometer strip. A
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nuclear radiation detector counts the random
radiations after they pass through the variable
shutter and read-out is displayed on a counter.
The count rate will vary from zero, when the
shutter is closed, to a high number when it is wide
open. Because of the mechanical devices and
coupling employed, the response time is very
slow, of the order of seconds. (See Reference
No. 14).

The above discussion has dealt with Source 1 devices,
those that supply basic measurement information.
The following are auxiliary sources, which may or
may not be present depending onthe particular appli-
cation.

SOURCE 2 - REFERENCE INFORMATION

This source provides reference information, invari-
ably in the form of a highly stable frequency, against
whichthe converted physical property canbe prepared.

Assume that the stability of a 50 mV dec supply volt-
age is to be monitored. This supply could be con-
verted to 50 kHz by a voltage-to-frequency converter
and fed to the A channel of the Reversible Counter. If
a stable 50 kHz was fed to the B channel and the coun-
ter operated inthe A-B mode, then the read-outonthe
counter would indicate dc voltage drift over time.

02366-1
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Suitable source devices are frequency synthesizers
(high precision, any frequency selectable, very stable,
expensive), quartz oscillators (very stable, few output
frequencies, less expensive) and audio oscillators (low
stability and accuracy, infinitely variable, inexpensive).
Appendix IV describes equipment suitable for opera-
tion in conjunction with the 5280A.

SOURCE 3 - GATE CONTROL INFORMATION

This source provides signals to control the counter,
that is, to determine when and for how long it should
be open.

A suitable external source might be the 3300A Function
Generator to provide frequencies varying from 0. 01
Hz to 100 kHz.

SOURCE 4 - RESET INFORMATION

This source provides reset information by contact
closure or by saturated NPN transistor to ground.
Alternately, of course, manual operation is possible
by front panel pushbutton.

Appendix III briefly describes an internal time base
for the 5280A that is now available on special order.
This time base, in effect, provides both source 3 and
source 4 information to the counter. The gate time
and the rate at which sampling and automatic resetting
occur can be selected at the front panel.
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SECTION V
OUTPUT SIGNALS

The output signals of the 5280A/5285A are few in
number. The primary output that comes to mind is,
of course, the visual display of six in-line Nixie tubes
with polarity indication. Instantreadabilityis associ-
ated with storage of the display until the count changes.
The operator is able to read the number displayed very
rapidly and with very little possibility of error.

For situations where it is necessary to maintain a
record of the count display, or for use within data or
control systems, the read-outis available onthe rear
panel through a 50 pin connector. The information is
coded in 4-line 1-2-4-8 BCD, with the "0" state level
approximately -14 volts and the''1" state level approx-
imately +14 volts.

In addition, output signals are available to indicate
when the count has overflowed and the polarity of the

count. This information is available to drive digital
recorders, digital-to-analog converters and other
such devices as mentioned in Section VI.

The above output may be replaced by a ""Readout on
the Fly' feature, available on special order, which is
intended for systems use. This modification allows
count information tobe transferred into the system on
command without interrupting counting, missing counts
or slowing down the system. See Appendix III.

Finally, the output waveforms of the channel A and B
triggering circuits areavailable on rear panel BNC's.
By monitoring these waveforms on an oscilloscope,
and adjusting their phase difference, proper operation
in the A Quad B mode may be obtained. The wave
forms may also be used as marker signals for other
modes of operation.

SECTION VI
OUTPUT DEVICES

This section touches only briefly on the immense
variety of output devices that can be mated to the 5280A
Reversible Counter.

1. The first type is one that maintains a continual
record of the counter readout. Recorders can
be further sub-divided into two classes, digital
and analog.

Digital: The HP Model 562A Digital Recorder is
a transistorized electro-mechanical device pro-
viding a printed record of electronic digital infor-
mation. Printing rates as high as 5 lines per
second are possible, while a unique storage fea-
ture allows BCD input data to be transferred to
the recorder in 2 milliseconds.

This recorder can be operated directly from the

5280A counter through the 50 pin rear connector,

Analog: Here the interest lies not so much in the
extreme accuracy of digital print out, but rather
the convenience and visibility of a graphical plot
of the desired information. For example, one
suitable recorder might be the HP Model 680A
Strip Chart Recorder in which one Y span (or
sensitivity) and one chart speed (in units of dis-
tance per unit of time) may be selected by the
customer. This type of recorder is particularly
suitable where a permanent record of events is
required, and yet the information may be assim-
ilated at a glance by the operator at intervals of
a few minutes or a few hours.
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It should be noted that such a recorder cannot be
mated directly tothe reversible counter. A 562A
digital recorder with the correct option constitutes
a suitable drive unit; alternately the counter may
be coupled to the strip chart recorder by means
of a digital-to-analog converter (HP 580A), which
transforms the BCD output from the counter into
analog information. Note that polarity informa-
tion cannot be transmitted by the digital-to-analog
converter.

Another useful analog recorder is a servo potenti-
ometer X-Y recorder which plots an X-Y graph
according to the changes in the variablesfed into
the X and Y channels; both channels have com-
pletely independent servo systems. Example:
HP T035AX-Yrecorder. Saya systemfor meas-
uring X and Y position of a machine tool carriage
provides readouts ontwo reversible counters for
instantaneous monitoring. If the two counters
are coupled to the X and Y channels of the record-
er, every movement of the carriage on the X and
Y plane will be faithfully reproduced onthe chart,
and will be available for leisurely inspection and
post-production check-out.

Note that, asbefore, the recorder must be mated
to the reversible counters through suitable coup-
ling devices such asdigital-to-analog converters.

2. A second type of output device is one that is gen-
erally used within a complete data acquisition or
control system.
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The HP Model 2514A Digital Scanner is one such
device. It will accept data directly from 3 coun-
ters (6 sources with option) and transfer this data
at a rate of up to 20 sources per second to a suit-
able unit, e.g., a 562A Digital Recorder. The
scanner provides 1 BCDdigitof sourceidentifica-
tion. As an example, the rotational speeds of a
number of rolls within a paper mill installation
may be monitored by separate counters, and data
transmitted via the scanner for recording, com-
putation or control purposes.

A similar type device would be the HP Model 2540
Coupler, whichtransfers information froma group
of parallel reversible counters (and other sources)
to a wide variety of serial-entry recorders. The
coupler may be used todrive an adding machine or
electric typewriter for printed record purposes,
a tape punch for telegraph code transmission via

wire or radio link, or a tape punch, card panel
or flexo-writer for computer input requirements.

Another potentially very useful device is the HP
Model 2539A Digital Comparator, which compares
digital information from the reversible counter
against single or dual preset limits, providing
HI/= /LO or HI/GO/LO lamp indications and elec~
trical output respectively. The instrument can
be operated manually or automatically in a pro-
grammed data acquisition system, and gives im-
mediate indication wherever danger or tolerance
points are exceeded.

Other HP units which will accept data directly
from the 5280A Reversible Counter include the
HP 2526 Card Punch Set, the HP 2546 Magnetic
Recorder Set and the HP 2545 Tape Punch Set.
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SECTION VII
APPLICATIONS

The types of applications that are briefly discussed
show such diversity that it is difficult to arrive ata
logical order of classification. Those applications
where the counter is operated inthe A-B mode will be
dealt with first.

Application 1: Measurement of volume in a tank.
The counter is operated in the A-B mode. The A
channel is fed pulses from a turbine flow meter TF1
located in the input line to a tank, and counts input
gallons; the B channel is fed pulses from a turbine
flow meter TF2 locatedinthe output line fromthe tank
and counts output gallons. The two turbine flow-
meters act as source 1 inputs; no other sources are
active, although the gating and reset controls might be
operated manually at suitable intervals. The 5280A
is thus operating as a totalizer (see Figure 13).

HP5280A/5285A *"""'— s

(A -B Mode) E

Input
zzzzzzrzz) TF | ez,

Output
TF2 T —e

TF= Turbine
Flowmeter Tank

Fig. I3 = Continuous Indication Of Volume Of
Liquid In A Tank

The counter read-out will indicate the net volume of
the liquid that has flowed into or out of the tank from
the time of opening of the counter gate. The polarity
signal will show whether there has been more fluid
flowing in than out, and vice versa.

If the tank was empty when the counter gate was
opened, thenthe counter will read the volume of liquid
in the tank at that point in time when the reading was
taken. The level may be continuously monitored by
feeding the counter BCD output into a HP 562A digital
recorder and instructing the counter-recorder com-
bination when to record.

Precautions:

1. The fluid hasto be free of solids to avoid damage
to the turbine flow meter.
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2. Accuracy of the system will be dependent on the
accuracy of the flow-meter, and the possible
error will be double that of one flow-meter alone.

3. Turbine flow meters do not operate down to zero
flow, in general. The rate of flow should always
be maintained above the lower limit specified.

There are numerous variations on the above theme.
It is possible to calibrate one flow meter against an-
other, or to select two flow-meters for similarity,
provided that they are placed in the same line far
enough apart to minimize turbulent effects. If the B
channelwere connected toan electrical reference fre-
quency, then the rate of flow in the line could be
checked for constancy and accuracy (using a source
3 gate control input). The counter operated in the
A-B mode would provide an indication of the average
drift.

Assumethat it was desired to pump liquid along a line
at a known rate of flow, say 10 gallons per second.
Assume further that the flow meter used provides 10
pulses/gallon. Therefore the nominal input frequency
to channel A should be

10 pulse/gal x 10 gal/sec = 100 pulse/sec

A highly stable 100 Hz signal froman oscillator should
now be fed into channel B (HP Model 100E Quartz
Oscillator would provide a suitable signal).

By manually or automatically controlling-the rate of
flowso that the counter always reads zero; it is known
that the rate of flow has been held constant at the de-
sired rate for the period under consideration. Fur-
thermore, despite any variations in rates of flow, the
total flow in gallons will be correct, provided the
counter reads zero when flow ceases.

See Appendix 1, page 23, for further information on
turbine flow meters.

Application 2: Flow measurement, using an ultra-
sonic technique. In this application the counter is
used as an integral part of the transducer. If the
ultra sonic transducer is set up sothat its two trans-
mitter receiver systems are cycling, one at a fre-
quency {1 where transmission is in the direction of
fluid motion, and the other with a frequency f2 where
transmission is counter to the fluid motion, then f1-
f2 gives a linear representation of fluid velocity and
hence fluid flow. By applying the fl signal to the A
channel and the f2 signal tothe Bchannel, the counter,
operated in the A-B mode, will read out rate of flow
(see Figure 14),

It should be noted that source 3 and source 4 signals
are necessary to gate the counter at appropriate in-
tervals for suitable time periods, and to provide
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automatic resetting after every count. Thus, if the
counter were gated for periods of 10 seconds, and
if a frequency difference of 1 Hz represented a rate
of flow of 0.1 gallon per second, then a readout of
100 would indicate that the average rate of flow over
that 10 second period has been

gal % 1
count 10

It should be noted that this transducer is sensitive to
changes in velocity profile (as are all flow meters),

100 counts x 0.1 secs =1 galper sec

and velocity distortion canlead to measurement error.

(However there is no blockage in theline so there are
few restrictions on the type of fluid carried.) This
transducer is particularly suitable for high rates of
flow.

See Appendix 1, page 23, for further information on
ultrasonic flow meters.

HP5280A /5285A b O e
B s .

(A-B Mode)
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Stepping Motor
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Fig. 15 —Monitoring The Position Of A Worktable
Driven By A Stepping Motor

HP5280A/5285A
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Fig. |14 - Ulirasonic Measurement Of Flow

Application 3: Monitoring the position of a work table

the position of the work table is available for easy
display, and most important, the operation of the con-
trol system can be checked. By use of the Reversible
Counter, the operator is able to return the stepping
motor (and the work table) to its original position and
be quite sure that this hasbeen achieved, as indicated
by a zero count readout on the counter.

The 5280A is operated in the A-B mode, where posi-
tive directional pulses from the stepping motor drive
circuitare fed tothe A channel of the counter and neg-
ative directional pulses are fed to the B channel. The
maximum rate of the stepping motor is quite low, so
there is no concern over whether the counter maxi-
mum frequency specification is sufficient.

Application 4: Comparison of paper speeds in a roll-
ing mill.

In a typical situation, paper might be transferredfrom
one roll to another, undergoing some type of paper
making process on the way. It might be necessary to
deter mine the difference between the speed of the paper
leaving the off-wind roll and the speed of the paper
being fed onto the on-wind roll (see Figure 16).

of a numerically controlled milling machine.

A two input stepping motor is used to drive the work
table of the milling machine. Pulses fed into one
channel cause the motor to step in one direction and
hence move the table positively; pulses fed into the
other channel cause the motor to step in the reverse
direction and hence move the table negatively. One
pulse on either of the input lines causes one step in
a corresponding direction, where one step represents
"n" degrees of angular movement; one step also rep-
resents "X'" inches linear movementof the work table
(see Figure 15).

A numerically controlled tape system determines the
direction and amount of travel at any point in time.

The 5280A Reversible Counter is employed purely as
a monitoring device to audit the position of the work
table. By this means, continuous information as to
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Fig. 16 — Determination Of Paper Draw Speed
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Each of the rolls A and B could be coupled by suitable
gearing to tachometer generators of the type described
on page 26. Since the interest lies only in velocity
sensing and not position sensing, this type of tacho-
generator (of whichthe response does not extend down
to 0 Hz) would be quite suitable. Assume that direct
coupling is employed, that the tacho-generators pro-
duce 60 output pulses per revolution and that a paper
speed of 1800 feet/minute produces 15 revolutions/sec-
ond of either roll and its associated tacho-generator.

Source 3 and 4 inputs to provide automatic gating and
resetting of the 5280A Reversible Counter are required
and hence a counter with the built-intime base avail-
able on special order could be used (see Appendix 3).
If the gate period is set to be 2 seconds, then a paper
speed of 1800 feet per minute will produce a count,
at the end of this 2 second period, of 1800.

15 revolutions/sec x 60 pulses/revolution x 2 sec = 1800,

As a typical example of draw speed measurement,
assume that the input section is running at 1800 feet/
min and the output section at 1810 feet/min. With the
5280A operated in the A-B mode, and the counter gate
time set at 2 seconds, the display would indicate a
minus 10 feet/sec draw speed figure. Depending on
the sample rate, selectable on the front panel of this
special counter, the readout might change every few
seconds (-10, -10, -9, -10-, -9, -9, -10) because of
the + 1 count error inherent in the operation of elec-
tronic counters.

To increase the resolution, one might use an optical
tachometer with an output of 600 pulses per revolution
(or more) or one might use step-up gearing between
the roll and the tacho-generator, or one might in-
crease the gate time. The last remedy decreases
the sampling rate and this might not be acceptable.

Note that by changing the Mode switch on the counter
from A-B to A or B, one is able to measure immedi-
ately the absolute speed of the paper passing over
roll A or B.

Application 5: Integration of a dc voltage that varies
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Fig. 17 — Integrating An Electrical Signal

direction. The count rate is, of course, proportional
to the absolute magnitude of the input voltage.

To illustrate the operation of the system, assume that
the signal to be integrated is as shown in Figure 18.
The signal level is at +20 mV for 10 msec, and de-
creases linearly to -20 mV over the next 5 msecs,
returning to +20 mV during the following 5 msecs. The
v/f converter range is selected so that maximum
output, 100 kHz, is obtained for an input of 100 mV,
so 1 mV is equivalent to 1000 Hz.

positive and negative about zero.

The 5280A Reversible Counter is ideally suited to
measuring the average value of a noisy signal which
may go positive and negative with respect to zero
during the time period under consideration. True in-
tegration is performed and no scaling is required.

The Reversible Counter is operated in the Af(B) mode.
The signal to be measured is transformed by a voltage-
to-frequency converter, such asthe HP Model 2212A,
into a variable frequency output which is fed into the
A channel of the counter. The v/f converter also pro-
vides a polarity indication signal of which the level is
-1V to OV for positive indication and-31V to -23V for
negative indication. This signalisfed tothe B channel
of the counter (see Figure 17). Whenever the input
voltage is positive, this information is fed to the coun-
ter via the B channel, and the counter will totalize in
a positive direction. Conversely, a negative input
voltage will cause the counter to totalize in a negative

223°6§—1

+20mV

to t tz2 tata ts

Time In Milliseconds—O0 5 [0 5 20

Fig. 18- Signal To Be Integrated

Assume that the counter is gated for a periodof 1sec-
ond. Now over the first 10 msec, from ty to t; the
count will reach a total of +200,

20, 000 10

i X Tfgoo - 200

20 kHz for 10 msec =

Over the following 2.5 msecs from ty to t,, the count
rate will decrease from 20 kHz to 0, but the count will
increase from +200 to +225. From tg to t3, the count
rate will rise to 20 kHz, but the polarity indication will
now be negative, therefore the actual count will de-
crease from 225 to 200, From tg to t, the count will
decrease further to +175. However, as the input volt-
age becomes positive againfrom t, to t5, the direction
of count will reverse and at t. the count will be 200.
This will continue for 50 cycles. At the end of 1 sec-
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ond, the total count will be 10,000, which is equivalent
toan average dc input voltage over the 1 second period
of 10 mV.

10, 000 counts/sec

=10
1000 counts /sec per mV 10-my

Precautions:

1. It is essential to ensure that the counter is being
correctly triggered. Since the amplitude of the
input pulses to the A channel varies from 0V to
+9V, the trigger level control may be set to dc,
+5V. Correct triggering of the A channel may be
checked by operating the counter in the A mode.
Since the amplitude of the input pulses to the B
channel varies from 0V to -25V approximately,
the trigger level control of this B channel may be
set to de, say -15V. Correct triggering of the B
channel may be checked by operating the counter
in the B mode. (See Model 2212A Data Sheet for
amplitude specifications.)

2. The response time of the V/f converter is better
than 100 usecs. Signal noise and ripple at fre-
quencies greater than 10 kHz may lead to missed
counts.

3. The gate period canbe any value, depending upon
the period of integration desired. Note, however,
that the countat the endof the gate period must be
divided by N, where N is the gating period dura-
tion in seconds, to obtain the average value of the
input signal. The gating period should probably be
related to 1 second by a factor of 10 (+ 10, X1,
X10, X100) to cancel out 60 Hz or 400 Hz ripple.

Application 6: Indication of the position of a worktable
of a machine tool.

In this application a work table of a machine tool is
driven through a lead screw. The optical tachometer
or rotary encoder is coupled directly tothe lead screw.
The two pulse outputs of the encoder are fed to the A
and B channels of the Reversible Counter; operation
is inthe AQuad B mode. (Remember that the two out-
puts of the encoder are in phase quadrature). The
encoder is acting as a source 1 input; the Reversible
Counter is operating as atotalizer hence no other in-
puts are required, except for initial operation of the
reset button to set the zero reference point of the
machine worktable.

Assume some typical specifications in order to give
an indication of how the required encoder resolution
and counter capacity are calculated. Assume that the
lead screw takes 10 revolutions to move the table one
inch. Assume further that the total travel of the work-
table is 100inches. If the required accuracyis 0.0001
inches (a tenth of a thousand), then the total count ca-
pacity of the reversible counter for a movementof the
worktable from one stop to the other is 1, 000, 000,

100 inches + 0, 0001 inches = 1, 000, 000

The count capacity of the reversible counter is
999, 999 (6 decades) one count less than that calcu-

20

lated above, so the counter would be suitable for this
application. (Note that if the zero reference point
were set in the center of the table span, the counter
capacity required would be +500, 000 which is one half
the capacity of the 5280A Reversible Counter. )

The total number of lead screw revolutions (and there-
fore optical tachometer revolutions) for one span of
the work table is 1000 revolutions.

10 revolutions per inch x 100 inches = 1000 rev.

As a result, the resolution of the optical encoder
would have to be 1000 pulses per revolution.

1,000,000 total counts
1000 total revolutions

= 1000 pulses per revolution

Precautions:

1. The maximum speed of the encoder is limited by
mechanical considerations, and by the fact that
the electrical pulse amplitude decreases at high
speed. Assume that the maximum angular vel-
ocity specified is 3000 rpm or 50 revs per second.
This is equivalent to a linear travel velocity of

50 revs/sec _ .
0 revs/inch 5 inches per second.

It should, therefore, be ensured that the maximum
linear velocity of the worktable will not exceed
5 inches per second in this case.

2, It should be checked that the frequency of the pulse
output, when the table is moving at maximum
speed, does not exceed the rated specification of
the counter. For the highfrequency 5280A Rever-
sible Counter, this consideration is most unlikely
to cause problems. For example, at 5inches per
second table velocity, the pulse frequency is 50
kHz,

5 inches per sec x 10, 000 pulses per inch
= 50, 000 pulses per second,

whichis well below the rated frequencyof 1 MHz,

3. It is very important that the reversal rate of the
reversible counter be checked. The 5280A Rever-
sible Counter will reverse at the same rate at
which it will count forward or backwards, i.e.,
greater than 1 MHz. For some electronic coun-
ters, however, the reversing rate is far inferior
to its normal counting rate.

Reversal of direction of travel usually causes no
difficulty because electronic counters can reverse
many times faster than most machine tools (or
other industrial equipment). However, the criti-
cal situation occurs whenthe counter counts upor
down toward zero, through zero, and then down
or up inthe opposite direction. The 5280A Rever-
sible Counter will count through zero atits speci-
fied measurement rate, which some other coun-
terswill notdo. Note that machine vibration often
requires very fast counting and reversing ability
from the counter to avoid missing counts.
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4, 1If the phase difference between the two pulse out-
puts from the optical encoder is not 90°, then the
actual count rate as seen by the counter will be
greater than the apparent rate. It should be
checked that this does not cause the counter to
miss pulses.

Application 7: Determination (and control)of the X
and Y coordinates of a worktable.

Optical shaft encoders may be readily used as the
position sensors in such an application, but laser in-
terferometry enables the table to be positioned with
much greater precision. Basic laser interferometry
has been discussed in some detail in Section IV and
Appendix 1 (pp. 10, 11, and pp. 26-28); given a prior
reading of this material, the schematic diagram of
the system is largely self-explanatory. See Figure 19,

The gas laser must have single mode output and is
generally of the He-Ne variety. For extreme accuracy
the wavelength, and hence the frequency must remain
constant. Electronic feedback circuitry is therefore
employed to tune the laser cavity length so that the
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laser operates at the center of the red neon spectral
line at a wavelength of 6328 Angstrom.

The beam diameter should be as small as possible to
minimize the effect of air turbulence, but should be
large enough so that diffraction is not too severe. A
suitable compromise is reached by expanding and col-
limating the beam by means of a telescopic lens
system.

A Michelson interferometer system isillustrated, al-
though other more sophisticated interferometers are
sometimes employed. Half the faces of the fixed mir-
rors are coated with phase retarding material to pro-
duce two fringe signals, separated by 90 electrical
degrees, which will operate the 5280A Reversible
Counter in the A Quad B mode. The design will often
be such that four rather than two optical signals are
produced as output from each interferometer system;
not only do these signals provide the required direc-
tional information, but when combined appropriately,
dc components are eliminated.

The moving mirrors attached to the worktable will
generally have to be replaced by corner cube reflec-

2 Photo Detectors
90° (Elec.) Apart

Beam
Splitters——

Frequency
Control
System

Note:

directional information suitable for A Quad B operation
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Fig. 19- Precise Worktable Positioning Using Laser Inter ferometry oy =
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tors if the worktable is subjected to pitch, yaw and
vibration, as will be the case if the table is attached
to a machine tool.

If control of the worktable, rather than indication of
the X and Y coordinates is required, then separate
servo systems are necessary to drive the table for-
ward and backward in the X and Y directions respec-
tively. The ""readout on the fly" feature of the Rever-
sible Counter, available on special order, enables
the count to be transferred at any point in time to a
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storage register without interrupting counting. The
rate of data transfer is in excess of 100 kHz.

Pressure and temperature compensationis necessary
if accuracy of the order of a few micro inches is de-
sired. It is also important to remember that the X
and Y coordinates are measured in increments of A/n
(n an even integer) where A is 25 microseconds, thus
mental or computer calculation is required to con-
vert the readout to microinches. n depends on the
optical system employed.
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APPENDIX |
TRANSDUCERS

1. FLOW MEASUREMENT

TURBINE FLOW-METER: Thisdeviceis particularly
suitable for use with the 5280A/5285A Reversible
Counter. It is a velocity sensing transducer, the out-
put of which in pulses per second is proportional to
the rate of flow in the pipe line. See Figure 8.

The detecting element, the turbine, is centered in
the fluid flow; as the flowing material impinges on the
turbine blades, the turbine rotates at an angular vel-
ocity which is proportional to the fluid velocity. Since
rate of flow is given by velocity times cross sectional
area, the angular velocity of the turbine, and there-
fore its output in pulses per second, is proportional
to rate of flow.

One type of read out technique is to construct the tur-
bine blade from magnetic material, and to mount a
permanent magnet and pick-up coil on the transducer
frame. As theturbine blades cut through the magnetic
lines of force, electrical pulses are generated whose
frequency is dependent on turbine angular velocity and
hence on rate of flow. This technique has the disad-
vantage that the turbine suffers from magnetic drag,
although how serious this disadvantage is will depend
on the particular application.

Some manufacturers offer transducers using radio
frequency transformer systems that eliminate such
magnetic drag.

Because of the fact that the line is not clear, but con-
tains a mechanical obstruction (the turbine), the mate-
rial flowing must be in liquid form and free of solid
particles which could cause damage or malfunctioning.

These transducers are sold in sizes and capabilities
to satisfy almost any measurement situation, Maxi-
mum capacity may vary from 1 gallon per minute to
36,000 gallons per minute and higher; the larger flow
meters will accommodate pressures to at least 7000
p. s.i., and temperature ranges from -450°F to 1000°
F are common. Pipe diameter varies from 1/2" to
24" and larger. The range of velocities that can be
handled is substantial; 10 to 1 is common, and 200 to
1 is found in more sophisticated units.

Perhaps this last point should be amplified. Although
the turbine flow meter will measure absolute volume,
i.e., the total quantity of liquid that has flowed through
the instrument, its response does not extend down to
de; there is some low velocity at which it ceases to
function accurately.

One further point should be noted. Each pulse gener-
ated is equal to a precisely known volume of liquid or
gas metered. Now Boyle's Law tells us that volume
depends upon environmental conditions, i.e., pres-
sure and temperature. Thus to measure flow very
02366-1
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accurately, pressure and temperature compensation
factors must be applied to the measurement to obtain
readings normalized to conditions of standard pres-
sure and temperature. Of course, the problems caused
by the need for pressure and temperature compensation
are more severe for gases than for liquids.

To avoid the above problem, a turbine type mass
flowmeter has been gaining increasing acceptance.
See Figure 20,

Turbine

Impeller

Inlet Magnetic
Coupling

Outlet
Magnetic

Rotational Coupling

\ Impeller
Motor QOutput

Fig. 20~ Turbine Mass Flow Meter

In essence, an impeller driven at constant speed by
a synchronous motor imparts an angular velocity to
the fluid; the value of angular momentum added is
proportional to the mass rate of flow. A turbine lo-
cated downstream now removes all this angular mo-
mentum from the fluid and is magnetically coupled to
an output shaft to provide atorque proportional to the
mass rate of flow. This torque is then applied around
the minor axis of a gyroscope, which precesses about
its major axis at a rate proportional to the mass flow
rate. A photo-electric scanning system can be coupled
to the gryoscope to provide an output of n pulses per
revolution and hence per unit of mass flow. It seems
that accuracy, linearity and range of flow are a little
inferior to the turbine volumeric transducer, but, of
course, no pressure-temperature compensation is
required.

ULTRA SONIC FLOWMETER: Another technique for
measuring flow that is exciting but not too well devel-
oped commercially at present, is one making use of
the transmissionof sound waves through fluids. There
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are a number of approaches; one is described that
utilizes the capabilitiesof the 5280A very effectively.

The application depends upon the modification of the
apparent velocity of propagation of sound waves by
the flow of fluid. In simple terms, the apparent vel-
ocity of propagation between two fixed points in a pipe
is the algebraic sumof the sound propagation velocity
in non-agitated fluid and the velocity of fluid flow.
Assume that there is a transmitting mode and a re-
ceiving mode in the pipe situated d cms apart. The
direction of propagation is forwards, i.e., in the
direction of fluid flow. Now the propagation time will
be given by
tf = % where

c¢ is the velocity of propagation in still liquid and v is
the velocity of flow.

Let the transmitter be triggered as soon as the pre-
vious pulse is received d cms away. The system will
now cycle with period
d
cC+V

At

where At is the triggering delay.

The frequency of cycling will be

C+V

b= Iv atle+ )

c+vV ? "
B e BMce d>>At. v

Now assume a second such system transmitting inthe
reverse direction, i.e., counter to the direction of
fluid flow.

C=-V
= b ® av ate
B 2v
Hemee' %= L= ¥+ Ate

The result is a transducer, the output of which con-
sists of two frequencies whose difference is directly
proportional to velocity or, in effect, to rate of flow.
See Figure 14. The 5280A, operated in the A-B mode,
will perform the difference calculation and will pro-
vide readouts that are proportional to the rate of flow.
Note that source 3 and source 4 inputs are necessary
for gating and resetting purposes.

The ultrasonic flowmeter has the advantage of no ob-
struction of the fluid flow, and hence there is no re-
striction on the type of fluid, since all fluids will
transmit sound. However there are a number of dis-
advantages:

a. expensive.

b. The beam may be interrupted by air bubbles, or
scattered by some types of slurries.

¢. Since the beam is usually narrow, accuracy is
affected by changes in the velocity profile. Although
this problem can sometimes be minimized by proper
placement of the transducer, long straight runs or flow
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straighteners may be needed to reduce the effects of
piping configurations.

d. The velocity of propagation is a variable. How-
ever, if trigger delay At is small,as is normally the
case, then this effect will have a negligible result on
accuracy because d >> At. c.

The frequency difference may be of the order of 20 Hz
to 20kHz, and hence is easily and accurately measure-
able.

2. ANGULAR MEASUREMENT

In this section transducers which provide n output
pulses per revolution of transducer rotation will be
considered. Such transducers may be used with the
5280A to measure angular displacement when the
5280A is gated in the appropriate manner. When
suitably coupled to a member undergoing linear motion,
such a transducer is able to measure linear displace-
ment and velocity.

OPTICAL TACHOMETER: Initially a popular, sturdy,
relatively inexpensive class of angular transducer will
be discussed; this is the rotary optical encoder which
makes use of photo-electric techniques.

In general, this type of encoder has a disc attached
to the input shaft. The disc has a series of holes
punched around the circumference or it may be etched
with alternate transparent areas interspersed with
areas which will not pass alight beam. A light source
placed onone side of the disc shines through the trans-
parent sections of the disc, and the incident light is
sensed on the other side by some type of photodetection
device, commonly a photo diode or a solar cell. As
the disc rotates, the photo-detector is alternately ac-
tivated and dead, and the transducer gives out anelec-
trical signal which is suitable for triggering a counter.
If the rotational speed is slow the pulses will be ap-
proximately triangular in shape; however as the ang-
ular velocity increases, the waveform comes to
resemble a sine wave. Because of this, some trans-
ducers are provided with clipping circuits that follow
the photo detector in order to shape the output to a near
square wave. Such circuitry is not required to trigger
the 5280A properly, but naturally will not cause any
ill-effects.

Each output pulse now represents a discrete angle of
rotation of the shaft. The resolution, or number of
output pulses per revolution "n" depends upon the
fineness of the etching (so that a large number of
transparent-opaque pairs can be fitted onto the disc),
the diameter of the disc, and the number of photode-
tectors present. A wide range of n may be obtained
in commercially available transducers, the maximum
being of the order of 5,000, or more.

Because signal amplitude is not related to the velocity
of rotation, this transducer can be used for position
sensing; its response extends down to zero revolutions
per minute. Note however that because of photo de-
tector limitations, the response does fall off at high
speed. Typically at anoutput pulse rate of 40 kHz -50
kHz, the signal amplitude will be half of its level at
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slow speeds. The problem is that when the signal
amplitude decreases too much, the level may be in-
sufficient to trigger a counter properly.

Solar cell photo-detectors have the worst high fre-
quency response and the signal amplitude will nor-
mally be of the order of millivolts so some type of
amplication may be necessary to provide a signal suit-
able for the 5280A. The solar cell provides, however,
the least expensive means of photo-detection. The
photo-diode has a better high frequency response; the
output signal amplitude will generally be at least sev-
eral volts.

If a long cable connection is necessary between the
optical encoder and the counter, and pulse rates are
high, then an amplifier with low output impedance
will probably be necessary to avoid unwanted signal
distortion and noise. In this situation, a solar cell
device may as well be used because it requires an
amplifier in any case and is less expensive.

The transducer described above will provide ''n'"' pulses
per revolution, but there is no way to sense direction.
The counter will simply keep on totalizing in a posi-
tive direction; there will be no relationship between
angular position and counter readout.

In order thatdirectional information may be provided,
a second light source with accompanying photo-de-
tector and associated circuitry (if any) is mounted on
the encoder such that its pulse output will be 90 de-
grees out of phase (i.e. half a pulse width) with the
reference pulses. Except for this phase differential,
the two outputs will be identical. The phase differe-
ence will be lead or lag depending upon whether the
encoder is rotating clockwise or counterclockwise.

Figure 21 shows the position. Imagine that the disc
is stationary. Now thelight photo detector assemblies
must be located as shown inorder to satisfy the 90 de-
gree out of phase requirement. These sensing devices
are n + 1/2 sections apart, where a translucent/opaque
combination area is regarded as a section. The two
signals may be fed directlyto the 5280A counter oper-
ating in the A Quad B mode.

Note that a distinction should be made between an
optical tachometer as described above, and a digital
shaft encoder. The former provides incremental
pulse outputs, the latter provides pulses on a number
of channels and the output is in the formof BCD code,
indicating absolute position. This latter type is not
suitable for operating the 5280A.

A number of commercially available optical tacho-
meters make use of two multi-line reticules, one ro-
tating and the other stationary, as opposed to the opti-
cal tachometer deseribed above which simply has one
rotating disk. The rotating reticule is in the form of
a continuous symmetrical patternof clear and opaque
radial sectors on a glass disk, while the stationary
reticule consists of the same pattern mounted to the
housing. See Figure 22. Generally four photocell/
lamp combinations are located around the circumfer-
ence at 90° intervals. By differencing the outputs of
each diametrically opposite pair of photocells, two
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sinusoidal waveforms are generated. Modulation com-
ponents resulting from shaft rotation are summed but
individual dc components are cancelled. The resulting
balanced symmetrical signal will not change its zero
bias level with changes in lamp intensity, ambient
temperature or supply voltage; the effects of shait
radial misalignment are also minimized.

Light Source

Light Source
A B

Rotating Disc

Subtract ’

B

Photo Detectors

AT AT LS
off | A LeadsB

Subtraction:---

on (By90°
B LI LI LILT o

on
A_J_I_l_l_ru—l._oﬂ A Luqs B

Addition-----

on [By 90°
B LT

Fig.21 - Generation Of A Signal By Optical Tach-
ometer To Provide Suitable Input For Rever—
sible Counter Operated In A Quad B Mode

Light Sources

Stationary

Rotary Reticule
Reticule

In practice the line density is very much greater
than that shown. Each light - photo detector com-
bination may span over |00 lines,

Fig. 22 - Sophisticated Optical Tachometer

One important advantage is that since each sensor
spans many pattern sectors the signal isaveraged over
a large number of lines, thereby rendering the device
insensitive to pattern imperfections. Furthermore,
higher counting speeds (up to 100,000 counts per sec-
ond) and higher resolution (over 100,000 counts per
revolution in some models) are readily achieved.
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ROTARY TRANSFORMER TRANSDUCER: This type
of transducer is based on the transformer principle.
A built-in oscillator provides a high frequency signal
(500 ke/s), which is coupled to a primary winding
(rotor) by means of slip-rings. This rotor forms one
winding of an air core transformer, a stator forming
the other winding. The stator and rotor plates, each
plate containing two printed windings where each wind-
ing is a radially extended conductor, make up the
transducer element necessary for conversion of angu-
lar position and/or speed to an electrical equivalent.

Since the current flowing through the primary rotor
winding is alternating, a voltage will be induced in the
secondary stator winding. As the rotor rotates, an
amplitude modulated sinewave signal will be induced
in the stator, the amplitude modulation providing in-
formation with regard to angular position. A second
set of windings in the rotor and stator provide an out-

of-phase signal which gives directional information,

Reference No. 24, pages T1-T3, gives more informa-
tion on this type of rotating transducer.

The output voltage magnitude and phase is independent
of angular velocity due of course to the fact thata
steady alternating current is flowing through the pri-
mary winding.

The transducer described above will indicate angular
position (and of course velocity) because the response
extends down to de. Output signal generation is inde-
pendent of angular velocity.

It should be realized that some rotary transducers are
of the tachometer type, i.e., they relay on angular
motion as a means of providing output voltage. One
such transducer is the Hewlett-Packard Model 508A
Tachometer generator,

TACHOMETER GENERATOR: This transducer con-
sists of an alnico magnet arranged in a closed mag-
netic loop. An arrangement of teeth on rotor and
stators results in interruptionof the magnetic loop as
the shaft of the generator is turned, and therefore the
output is anapproximately sinusoidal voltage. A pick-
up coil couples the induced voltage to a coaxial-type
output connector.

These transducers run up to 500 revolutions per sec-
ond and one provides 100 pulses per revolution, or an
output of 50, 000 pulses per second. As specified, the
minimum rate is from 15rpm up. These transducers
cannot be used for position measurement, and although
they will rotate in bothdirections and measure angular
velocity in both directions, they will not give an indi-
cation of direction.

However they are very suitable for certain applica-
tions. Thus if one wanted to measure or control vel-
ocity drift about a set reference, one could feed the
tachometer output into the A channel of the 5280A
counter and a stable frequency representing the ref-
erence velocity into the B channel. The counter op-
erated in the A-B mode would then indicate drift
positive and negative about the reference speed.
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OPTICAL TACHOMETER PICK-UP. This consists
of light source and photo detector units clamped above
the moving part, which is prepared with alternately
reflecting and absorbing surfaces. The interrupted
reflected light is picked up by the photo-tube, and the
electrical impulses generated by the photo-tube are
transmitted to the counter. Rates to at least 5000 Hz
may be measured without amplification.

The unit is specially suitable for measuring speeds of
moving parts which have small energy or which, for
other mechanical reasons, cannot be connected mech-
anically to any transducer. HP manufacturers this
type as the Model 506A.

3. LINEAR MEASUREMENT

The concern in this section is with optical methods of
sensing position. These methods are on the whole
used where high accuracy is required.

One optical method employs precisely ruled scales;
the lines may be closely spaced and read with little
or no interpolation, or widely spaced (for example,
201lines per inch) in which case interpolation circuitry
is necessary. Such scale systems have been fre-
quently used in machine tool and inspection applica-
tions, but interferometer systems are hard to find;
installations have been limited to laboratory environ-
ments where sub-microinchaccuracies are required.
The recent development of the gas laser c.w. light
source, however, has opened up a whole new field of
potential applications of the principles of interferom-
etry, including machine tool control systems and
scientific measurement. With regard to ruled scales,
we are talking in terms of 0.0001 inch; laserinter-
ferometry permits micro-inch accuracies in indus-
trial situations.

GAS LASER INTERFEROMETER: Young first estab-
lished the principles of interference in 1804 when he
demonstrated that light from a given source can pro-
duce a series of light and dark bands called interfer-
ence fringes. Michelson published a description of
his famous interferometer in 1881 and subsequently
use it in three different types of experiments. This
basic interferometer has been used since that time to
measure length and position very accurately; however,
this has been possible only under closely controlled
conditions and for distances of a few cms.

The Michelson interferometer in its simplest form is
shown in Figure 23. Monochromatic light, after pass-
ing through a focussing lens is split by the semi-
reflecting surface of a plane parallel glass plate D
into two beams at right angles. These beams are
reflected at plane mirrors M1 and M2 and return to
the glass plate where they are recombined to enter
the Iringe detectors at F1, F2. The beam reflected
from M1 transverses plate D three times compared
with a single passage for that reflected from M2. To
avoid this asymetry, a plate of identical material and
thickness is placed at C, exactly parallel to the one
at D, The mirror M2 is fixed in position, while M1
is attached to a moveable carriage so that its distance
from D can be varied.
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Fig. 22 — Dual Beam Michelson Interferometer

If the distances from D to the two mirrors are exactly
equal, and if M1 and M2 are exactly at right angles
to one another and at 45 degrees with D, the image of
M1 coincides with the surface of M2. If M1 or M2 is
not quite perpendicular to the beam reflected by it,
then in effect a thin air film exists between the sur-
face of M2 and the image of M1, and the interferometer
fringes in this thin film are what are observed.

If M1 is moved along a line perpendicular to its face,
the systemof fringes moves laterally across the field
of view, and a displacement of the mirror of one-half
a wavelength causes each fringe to move from its
original position to that formerly occupied by the next
adjacent fringe. Note that a mirror movement of one
half a wavelength is equal to an increase or decrease
in the beam length of one wave length,

It is now clear that if the interferometer is mountedon
a rigid frame and the mirror M1 is fixed to a moveable
carriage, then as mirror M1 moves in one direction,
fringes will move across the receiving area in a cor-
responding direction. As thedirectionof movement of
the mirroris reversed so also is the direction of move-
ment of the fringe reversed. If the number of fringes
"n'" that move across this area during any particu-
lar periodof the carriage are counted, then it is known
that the displacement has been nA/2 where X is the
wavelength of the light source. If the fringes are
counted in a reverse direction up to nA/2, the car-
riage could be returned to its exact zero position.
Since A is of the order of microinches, it can be seen

that we are talking about highly accurate measurements.

This interferometer, up until very recently, worked
very well in practice, but was strictly a laboratory in-
strument. The reasons for this stem mainly from the
light source. The larger the length it is desired to
measure, the greater becomes the difference between
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the lengths of the two light beams, one reflected from
M 1; the other reflected from mirror M2. Thisincrease
in the difference between the beam lengths leads to the
light and dark fringes becoming indistinguishable from
one another and accurate fringe counting is impossible.
However the cause of this phenomenon is a result of
deficiencies in the light source. Light sources of an
earlier era providedradiations which were of slightly
variable wavelength; in addition the waves were not
exactly in phase with one another. The radiation was
not highly coherent. The development of the gas laser
light source has overcome this problem.

We are indebted to McNish (Ref 21) for the following
explanation of the concept of coherence.

"If a pebble is dropped in a pool of water and a photo-
graph is made of the wavelets propagated from the
point of impact, one finds that, by displacing a copy
of the photograph by one wavelength of the ripples, a
fair degree of coincidence betweencrests and troughs
along one radial line is preserved. Displacement of
one photographic copy with respect to the other by
several wavelengths decreases the degree of coinci-
dence. For large displacements the coincidence of
crests and troughs is completely unobtainable. It is
thus with the light waves coming from a tube filled
with radiating atoms. If one could map instantaneously
the electromagnetic fields of such a train of waves, he
would find that for small displacements of the mapping
along the directionof propagation coincidence between
crests and troughs would be maintained, but for large
displacements coincidence would disappear except for
a short region near the matching point. In the wave
train from the cadmium lamp used by Michelson, dis-
placement where satisfactory coincidence would be
maintained amounts to only a few millimeters, cor-
responding roughly to several thousand wavelengths.

"Calculations show that the light from a laser could
be subjected to displacementof several hundred kilo-
meters without seriously impairing the coincidence
between crests and troughs. An experiment per-
formed at the National Bureau of Standards demon-
strated thatdisplacement of the wave train by as much
as 200 meters resulted in no noticeable lack of coin-
cidence hetween crests and troughs, even when the
light waves were traveling through the atmosphere.
In this experiment well-defined interference was ob-
tained with a mirror separation of 100 meters with
infrared light with a wavelength of 1 micron."

Single mode He-Ne lasers have now been developed
that are highly stable and can be made to operate at
or near the center of the red neon spectral line at a
wavelength of 6328 Angstrom (25 p inch) by tuning
the laser cavity length. Electronic feedback can be
used to lock the wavelength output automatically to
the center of the neon line.

The result is a highly coherent light source operating
within a basic Michelson interferometer setup pro-
ducing a very precisely known wavelength of light as
the unit of measurement. A mirror moving over dis-
tances of hundreds of feet causes interference fringes
to pass across a receiving surface, where 1 fringe
corresponds to A/2 or 12.5 u inches displacement of
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the moveable mirror. What problems arise and what
other features are needed?

a. It isalmost impossible to manufacture the struc-
ture such that the moving mirror always moves in a
direction perpendicular to its face except over short
distances, If therelationship is not exactat all times,
the reflected beam does not interfere properly with
its counterpart from the fixed mirror, and the result-
ing fringes will be obscure.

A corner cube reflector will always reflect light inthe
required direction and is generally used where dis-
placements of several feet have to be measured. How-
ever, it is expensive to make because the alignment of
reflecting surfaces has to be very precise.

When a moving corner cube reflector is used, the
beam is folded back on itself twice, hence a change in
the beam length of one wavelengthis equal to a mirror
movement of one quarter wavelength. The fringe
count now represents units of quarter wavelengths.

To achieve extremely accurate measurements, NBS,
in contrast, uses plane mirrors and maintains paral-
lelism by electronic and mechanical means.

b. The eye is obviously an unsatisfactory detector
for counting fringes. A suitable sensor consists of a
photo-detector, an amplifier, together with an elec-
tronic counter capable of operating up to 1 MHz. This
high speed is necessary because vibration is an ever
present problem, and would otherwise lead to missed
counts,

By increasing the number of detectors, the precision
of the interferometer canbe increased to small frac-
tions of a half wavelength.

c¢. The eye can detect forward and backward motion
of the fringes; a single photo-detector cannot. How-
ever, if two detectors monitor two fringe signals that
are 90 electrical degrees apart, then their two outputs
can be fed to the 5280A operated in the A Quad B mode,
and positive and negative displacement will be indi-
cated with a resolution of 12,5 pinches. The two
fringe signals can be generated by coating half the
face of one of the reflectors with a phase retarding
layer.

d. There are a number of effects which may cause
inaccuracy in the measurements. The importance of
these effects will depend ultimately uponthe accuracy
desired. An interferometer system sealed in a vacu-
um would avoid these causes of inaccuracy, but is
impractical for the types of applications with which
the reader is likely to be concerned.

First, any perturbation of the air through whichthe
beam travels will lead to an unreliable fringe pattern
(perhaps a non-existent one). Secure shielding will
prevent this and other unfortunate occurrences such
as oil films or fingerprints onthe reflecting surfaces.

Next, it should be realized that angular and linear
thermal expansion and contraction of the structure is
not negligible when accuracies of pinches are con-
templated.
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Unless the environmental temperature is stable and
precisely controlled, the p inch accuracy one is
seeking will be illusory, the measured displacement
will be variable.

Thirdly, it is important to note that the wavelength of
light varies directly with the refractive index of the
medium through which it travels. The refractive in-
dex depends upon temperature, pressure and the pro-
portion of other constituents such as COg and water
vapor. As explained above, temperature will of nec-
essity be controlled. The wavelength of light changes
by three parts in 10° for every 1 mm Hg pressure
change sopressure effect compensation will generally
be necessary. Allowance for polluted shop atmos-
pheres may also have to be taken into consideration.
The complication of applying several corrective fac-
tors may be avoided by measuring the refractive index
directly by interferometric techniques.

It seems obvious that measurements to within a few
it inches or better require substantial care, and at-
tention to every detail. However it should be noted
that laser interferometer measurements are also suit-
able for situations where less extreme accuracy will
suffice. The requirements for the laser, the optical
setup, and the compensation systems will then be far
less severe.

There have been a number of sophisticated approaches
to the design of laser interferometer metrology and
control systems, and such sophistication is indeed
called for; the reader should understand that we have
limited ourselves to a discussion of the basic principles
involved,

OPTICAL SCALE SYSTEMS. There are several dif-
ferent types of optical systems employing accurately
spaced lines on a substrate. One is described that
has been widely used for machine control and provides
an output very suitable for reversible counting tech-
niques. It is based on the formation and counting of
Moire fringes.

Assume that two identically ruled scales are aligned
at a small angle to one another and that a light beam
is passed through thetwoscales onto areceiving area.
See Figure 12. Now if one scale is moved relative to
the other,thena series of fringes will move across the
receiving area in a direction at right angles to the
motionof the scaleand at a rate of one fringe per basic
scale interval.

The width of the fringes and the spacing between the
fringes will depend onthe angle of tilt between the two
scales. If this angle is a very small one, then the
fringe width will be considerably greater than the
spacing between the scale marks and the fringe out-
line will be perhaps rather indistinct--but observable.
If the angle of tilt is relatively larger (greater than
ten degrees) the fringes are clearly defined, but the
magnification effect is much reduced. This magni-
fication of the behavior of the gratings is important
and desirable, because it leads to easy detection and
counting of the fringes as they move across the re-
ceiving area. Furthermore fringe counting repre-
sents integration of the relative movement of the scales
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over hundreds of lines; if one line is incorrectly placed
or even missing, the effect on the fringe motion is
negligible. If n lines are observed, then the effect
of one of these lines being out of position is reduced
by a factor of n.

According to Loewen (Reference 17):

"There are two different types of continuously ruled
scales. The amplitude grating or Ronchi ruling has
approximately uniform width lines which are alter-
nately opaque and transparent (for transmitted light
applications) or reflecting and non-reflecting (for
reflected light applications). Spacing can be as fine
as 1000 line pairs per inch and occasionally up to
3000 line pairs/inch. Various photographic proces-
ses are used to reproduce a master ruling.

The second type of continuous scale has triangular
shaped contiguous grooves. It isknownas a prismatic
or phase grating. The required three-dimensional
shape is not photographically reproducible and must
be obtained by high precision resin casting methods
from a master ruled in a metallic surface. Groove
frequency varies from 2500 to 5000 per inch, although
25,000 groove perinch scales have been used in ex-
perimental systems. "

There are similarities to the laser interferometer
technique. First, the photo electric counting is in-
cremental and zero positionis arbitrarily established
by clearing the counter. Individual lines are not
separately identified, and calibration is significant
only in conjunction with a specific read-out system.
Secondly two photo detectors are required to produce
signals 90° out of phase, and the 5280A reversible
counter in the A Quad B mode of operation will keep
track of displacement with respect to any arbitrary
Zero.

The main difference between the two methods lies in
the accuracy obtainable. For practical purposes, the
unit of measurement for the ruled grating will be about
200 pinch limited by the ability to rule suitable lines
as closely as possible on a grating (note however that
electronic circuitry can generate and count several
pulses per Moire fringe and very elaborate systems
have beendesigned togenerateas manyas 100 or even
1000 counts per fringe. For the simple interferom-
eter, the unit of measurement is half a wavelength or
12.5 pinch (and this can be further reduced by elec-
tronic circuit techniques). However, the optical scale
system can be calibrated directly in fractions of an
inch; some sort of man or machine computation is
necessary to convert units of A/2 into convenient units.

The fixed and moveable gratings can be separated bya
few thousandths of an inch; this separation can be main-
tained without risk of contact, hence no wear due to
friction results.

INCREMENTAL LINEAR ENCODERS: This type of
linear transducer is very similar to theoptical rotary
devicediscussed inthe section onrotary measurement.
A glass scale having a patternof fine clear and opaque
lines passes through a sensing head containing the op-
tical system, a lamp and a photo detector. A scale
with 1250 line/apertures per inch gives a resolution
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of 0.0001 inches whenoptical and electronic multipli-
cation are employed. Sense-of-direction is obtained
by producing two signals in quadrature, and is accom-
plished by inserting a phasing system in the optical
portion of the unit.

This is a no-contact device with no accuracy degrad-
ation because of wear. As with other incremental
pulses, zero reference can be established anywhere
on the scale by resetting the counter.

LINEAR-TO-ANGULAR CONVERSION: One fairly
obvious method of measuring linear displacement is
to convert the linear motion to angular motion, and
then to use a rotary transducer to generate pulses for
counting. The advantage here is that the rotary trans-
duceris aninexpensive and simple device, and it would
seem that little care is required in the construction of
the system.

Thus if a lead-screw controls the work table of a
machine tool such that one rotation represents 0.1 inch
of table travel, then a rotary transducer providing
1000 pulses per revolution would give a resolution of
0.1/1000 or 0.0001inches. If step-up gearing between
the lead screw and the transducer was employed, even
higher resolution could be obtained. However, note
that ultimate accuracy is dependent on the accuracy of
the entire gearing mechanism, both the gearing be-
tween the linear moving work table and the rotary lead-
screw, and also the step-up gearing mechanism. The
extent of the back lash in the system will limit the
resolution obtainable.

4. INCREMENTAL PULSERS

Here the concern is withdevices that provide one out-
put pulse every time an object (preferably but infre-
quently, a specific object) passes nearby the sensor.
There are many types of such devices; optical, mag-
netic and variable reactance units are ones that come
readily to mind. The more sophisticated (and expen-
sive) units provide solid state switching; in others the
output may be provided by means of a relay.

Only one of these devices, which is interesting for a
number of reasons, is discussed.

The device contains a light source and photo detector
operated from a single phase 115 volt power supply.
A'light wire' made up of flexible optical glass fibers,
transmits light from the internal source to the de-
sired location. The light wires flexibility permits it
to be threaded over, under or around obstructions, or
into small holes and crevices. The light wire (a split
bundle) also returns the reflected light (ordirect light
from an external source) to the photo cell. The light
wire can be supplied in a flexible metal cable shield.

The device detects variations in reflected or direct
light due to objects passing in front of the opening of
the light wire, changes in relative position or location
of moving parts or changes of illumination. Optical
filters installed internally or in front of the optics
allow the device to be color selective.

Note that one commercial device, with relay output,
is limited to a minimum count rate of 400 per minute,
i.e., only 7 counts per second.
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APPENDIX 1I

FRONT AND REAR VIEWS

=1 @ O

1 2/ 3‘/ / \

WATE CoNTROL

5

E=

Lights when left-most nixie has exceeded the
count of 9.

Resets the decades to zero.

Selects type of control. EXTERNAL SINGLE
allows control of the gate by a voltage level
connected to the rear START connector. A
voltage more positive than the trigger level
opens the gate. A voltage less positive than
the trigger level closes the gate. EXTERNAL
DUALallows gate control with separate start-
stop inputs. The control signal to the start-
stop rear input connectors may be either a
level change or a pulse.

Lights when gate is open.
Power Switch.
Selects modes of operation.

Mode countdirection switch selects count di-
rection polarity. For algebraic operation,
(A, A:+B, or B), the position reverses the
signs of the selected mode (i.e., A-B to -A+B,
ete). For Af(B) and A QUAD B the REV po-
sition reverses the directional control polar-
ity or phase (changes from +voltage for addi-
tionto -voltage for addition in REV position).

Selects trigger level and polarity for channel
A input.

Selects trigger level and polarity for channel
B input.

10.

Channel B trigger waveform for trigger point
and symmetry monitoring.

Channel A trigger waveform for trigger point
and symmetry monitoring.

Connector for remote reset by contact clo-
sure or saturated NPN transistor to ground.

Rear inputs for channel A and B.

Trigger level adjust for gate Start. -10v to
+10v range, 1v rms sensitivity.

Selects gate opening polarity when in GATE
CONTROL, SINGLE and triggering slope when
in GATE CONTROL, DUAL.

Trigger level adjust for gate Stop. -10v to
+10v range, 1lv rms sensitivity.

Gate START input. Alsousedfor GATE CON-
TROL, SINGLE input.

Gate STOP input.

DIGITAL RECORDER output. +1248 BCD
code.
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APPENDIX Il
SPECIAL ORDERS AND OPTIONS

The 5280A Reversible Counter with 5285A Universal
Input Plug-In is anextremely versatile instrument. A
number of features now available on special order
will increase this versatility even further. Ask your
Hewlett-Packard Field Engineer for further infor-
mation,

1. An internal time base allows gate times of 0.1
seconds, 1 second or 10 seconds to be selected at the
front panel (extension of the range is possible). Al-
ternately the gating period may be set in increments
of 10 ms from 10 ms to 1000 seconds by means of
thumbwheels on the front panel.

The time between samples is varied from 0.2 seconds
to 5 seconds by means of a control on the front panel;
the control incorporates a''Hold" provision which al-
lows the most recent count to be displayed indefinitely.
Every sample count beginus afresh from zero, that is,
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automatic resetting occurs. No external inputs are
required for gating or resetting purposes.

The addition of a time base makes possible full utiliza-
tion of the many capabilities of the 5280A without the
expense and complication of the provision of external
gating signals.

2. A "Readout on the Fly'" feature may be built into
the 5280A according to special order. This feature
enabl~s the count to be transferred intoa storage reg-
ister on command without interrupting counting. The
time interval between command pulses may be as short
as 10 microseconds. As a result, the 5280A may be
used in information or control systems without loss of
counts or slowing down the speed of the system.

3. 4-line 1-2-2-4 BCD output with ""1" state positive
is now available as option 01 in lieu of the standard
1-2-4-8 BCD output,
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APPENDIX IV

HEWLETT PACKARD INSTRUMENTS FOR USE
WITH THE 5280A/5285A REVERSIBLE COUNTER

TRANSDUCERS

506A OPTICAL TACHOMETER PICKUP:

P
/ A light source and photo-cell for use as a transducer to measure
# speeds of moving parts. Specially suitable for measuring speed of
| moving parts whichhave small energy or, which for other mechanical
/ reasons, cannot be connected mechanically to any measuring device.

The part to be measured is prepared with alternate reflecting and
absorbing surfaces. The interrupted reflected light is picked up by
the photo-tube, and the electrical impulses generated by the photo
tube are transmitted to the counter. Speeds to at least 5000 rps may
" = 4 be measured without amplification, $195. 00

508A TACHOMETER GENERATOR

These are a series of transducers that convert rotary motion into
electrical impulses, with a low running torque of approximately 0. 15
inch-oz; peak starting torque = 4 inch-oz. Because of its arrange-
mentof an Alnico magnet arranged in a closed magnetic loop, a Model
508 may be used in the presence of relatively strong external fields
without effect on measurements.

508A - 60 pulses per revolution

508B - 100 pulses per revolution
508C - 120 pulses per revolution
508D - 360 pulses per revolution

The usable shaft speeds range between 15 to 40,000 rpm; within this
range, the output voltage will be sufficient to trigger the 5280A coun-
ter. $125.00.

RECORDERS

562A DIGITAL RECORDER

A transistorized electro mechanical device providing a printed record
of electronic digital information. Parallel entry and low-inertia mov-

':f ‘;7 ing parts allow printing rates as high as 5lines per second, each line
: " containing up to 11 characters. BCD input data may be transferred
- —-“ to the 562A in 2 msecs; as soon as data transfer is completed, the

0 driving source may be released to gather more information. An
e analog output suitable for driving either potentiometer or galvanom-
- eter recorders is available as an option. This is an extremely ver-
satile and flexible printer. $1600.00 approximately for 6 column BCD
input.

5050A DIGITAL RECORDER

The 5050A Digital Recorder (available Spring 1967) accepts up to 20
columns of 4-line BCD data from 1 or 2 sources and prints up to 18
of these columns on 3 inch wide paper tape at rates up to 20 lines per
second (1200 per minute). Mixed code operation is possible.
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680A STRIP-CHART RECORDER

This is a precision servo potentiometer instrument with a 5" writing
width chart; one each of ten spans and eight speeds may be selected
by the user. This instrument features all solid state circuitry, high
accuracy, fast response, high common mode rejection, synchronous
chart drive, and full view tilting chart magazine. The accuracy is
better than 0.2% of full scale with 0.1% of full scale resettablility.
Choice of ink, pressure, or electric stylus available. Suitable input
devices are the 562A Digital Recorder with analog output option, or
the 580A Digital-Analog Converter. $750.00

T035A X-Y RECORDER

A high performance, low cost, servo potentiometer X-Y recorder
designed for use in applications where high dynamic performance is
not required. Metric scaling is optional. Each axis has an indepen-
dent servo system with no interaction between channels. Features
include solid state circuitry, AUTOGRIP electric paper hold-down,
guarded input, electric pen lift. Input resistance on 100 mV/inch
input is 1 megohm. Floatinginputs. Slewing speed 15inches/sec. Ac-
curacy +0. 2% at full scale. Linearity +0.1% of full scale. Optional
external time base available. $895.00. Higher performance X-Y
recorders also available.

OSCILLOSCOPES

122A OSCILLOSCOPE (Dual trace: dc to 200 kHz)

Four calibrated vertical ranges, 10 mV/cm to 10V /cm; 15 calibrated
sweeps from 5 psec/cm to 200 msec/cm, *5%; x5 sweep magnifier
works on all ranges; horizontal amplifier has 3 calibrated steps 100
mV/cm to 10V/ecm. For x-y, phase shift between vertical and hori-
zontal amplifier less than +2° to 100 ke. Beam Finder quickly finds
trace. $695.00

180A OSCILLOSCOPE (Dual trace: dc to 50 MHz)

MAIN FRAME: 8 x 10 cm display in a 17" tube
Weighs only 30 lbs
Horizontal amplifier dec to 5 MHz
Internal graticule, no parallax
Sweep amplifier x1, x5, x10.
Beam finder
All solid state
""State of the art’" Oscilloscope $825. 00

VERTICAL PLUG-IN:
1801A Dual Channel
Dc to 50 MHz, T nsec rise time
Sensitivity 5 mV/cm to 20V/cm
Input impedance: 1 megohm shunted by 25 pf. $650. 00

HORIZONTAL PLUG-IN:

1820 Time 24 ranges of 0.05 ptsec/cm to 2 sec/cm to
Base 5 nsec/cm with x 10 multiplier. $475. 00
1821A Time 22 ranges 0,1 psec/cm to 1 sec/cm to 10 nsec/cm
Base & Delay with x10 multiplier
Generator Trace intensification

Delayed time base sweeps and delay controls 18
ranges 0.1 usec/em to 50 msec/cm

Delay time - continuously variable from

0.1 pusec to 10 sec

$800. 00

02366-1
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FREQUENCY SOURCES

The following give some indication of the range of HP
instruments available to provide stable frequencies.

ey -

LT e

651B TEST OSCILLATOR

This solid state oscillator provides accurate stable test signals for
laboratory or production measurements. Frequency range 10 Hz to
10 MHz, continuously adjustable across 6 bands. A typical indication
of the overall frequency stability for a 22 hour period at 5 MHz is
+0.02%. $590.00

100E FREQUENCY STANDARD

This is a highly stable, relatively inexpensive quartz oscillator, ideal
for test, production and lab use. Output frequencies are 10 Hz, 100
Hz, 1kHz, 10 kHz, 100 kHz, 1 MHz sinusoidal and 10 Hz, 100 Hz,
1 kHz, 10 kHz pulse. Output pips from the timing comb are at 100,
1000, and 10, 000 i:sec intervals. Long term stability is better than
5 parts in 108 /week.  $1100. 00.

5102A FREQUENCY SYNTHESIZER

Provides any output frequency from 0.1 Hz to 1 MHz selectable in
steps as small as 0.1 Hz, or from 0.01 Hz to 100 kHz in steps as
small as 0.01 Hz, by normal pushbuttons or by remote electrical
signals. Each columncan be continuously variedover entire range by
local or remote use of the search oscillator. Retains stability of
internal 1 MHz source (+ 3x10'9per 24 hours) or external 1 MHzor 5
MHz can be used. Spurious signals > 90 dB down, 100 kHz range; >
70 dB down, 1 MHz range. $6500, 00

MISCELLANEOUS

=

e

i
i

.
oY

580A DIGITAL-ANALOG CONVERTER

Suitable for transforming BCD output from the 5280A Reversible
Counter into output signals for either strip chart orX-Y recorders of
both the potential and galvanometer types. The accuracy is 0.5% of
full scale or better, by selecting the two or three least significantdig-
its for analog output, an analog recordwith resolutionof 1part in 10

can be obtained from the 5280A counter. No polarity indication.

Potentiometer output: 100 mV full scale into 20k ohms
Galvanometer output: 1 mA full scale into 1500 ohms
Transfer time: 1 msec. $525.00

2212A VOLTAGE-FREQUENCY CONVERTER

Produces an output pulse train whose pulse rate is directly propor-
tional to the de input voltage magnitude. Three standard ranges 10
mV, 100 mV, 1V sensitive to positive and negative inputs with polar-
ity indicating output signal.

Output: 0 to 100 kHz. For astep change in input voltage, the correct
input frequency is reached in less than 100 usec.

Accuracy of pulse count over 1 second period: +0.02%
Stability: +0.01%.

Linearity: =0.01% of full scale, zero to full scale.
$1080. 00 with bench mounting stand.
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3300A FUNCTION GENERATOR

This unit may be used to externally gate the 5280A Reversible Counter.
Provides frequencies from 0.01 Hz to 100 kHz in 7 decade ranges.
Sinusoidal, square and triangular output waveforms fromtwo channels.

Rise and fall times less than 250 nanoseconds. The sync pulse may
be used with appropriate circuitry to reset the 5280A.

Has plug-in and remote frequency control capabilities.
$645. 00 with 3301A Plug-In,

SYSTEMS EQUIPMENT FROM DYMEC DIVISION

HP 2540 COUPLER

The Model 2540 Coupler transfers information froma group of paral-
lel data sources - counters, digital voltmeters, digital clocks , for
example - to a wide variety of serial entry recorders.

Printed record: adding machine or electric typewriter.
Wire or radio link: Tape punched in any telegraph code.
Computer input: Tape punch, Flexowriter or card punch.

In many cases, two recording devices can be operated simultaneously.
Very versatile; almost any data source, recorder, or computer sys-
tem can be accommodated.

Price depends upon number of inputs and outputs and features.
Typically $1200. 00 to $3000. 00.

PO R

HP 2539A DIGITAL COMPARATOR

Compares BCD information against single or dual preset limits, pro-
viding Hi/=Lo or Hi/Go/Lo lamp indications and electrical outputs,
respectively. Comparisons are made in less than 3 milliseconds.
The instrument can be operated manually, or automatically in a pro-
grammed data acquisition system. Completely flexible; with option
M3, the instrument can handle 12 different comparison conditions.
In basic form, accepts up to 4 digits of external BCD information
for comparison against single or dual 4 digit limits - 5 or 6 digits
optional. The ability to compare on a basis of sign as well as nu-
merical magnitude can be added as Option M3. $1850. 00.

HP 2514A DIGITAL SCANNER

This Digital Scanner scans digital data from multiple sources and
transmits this information to one set of recording equipment. The 5280A
Reversible Counter is a suitable source while the scanner couples
directly to the M45-562AR Digital Recorder, HP-2545-M61 Tape
Punch Set, and HP-2546-M15 Magnetic Tape Recorder Set. Accepts
data from three sources, six sources with options. The scanner
provides 1 BCD digit of source identification. Accuracy identical to
data source. Transfer rate up to 20 sources per second. Sequential
or random scanning in Manual Step, Single Scan or Continuous Scan
operating modes. $2500. 00.

The instruments described in this Appendix are representative of the
broad line of Hewlett-Packard products which complement the 5280A
Reversible Counter. For further details of these and other instru-
ments, please contact your HP Field Office,.
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ALABAMA
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Hewlett-Packard (Canada) Lid.
2184 West Broadway
Vancouver

Tel: (604) 738-7520

TWX: 610-922-5050

FLORIDA

Suite 106
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MASSACHUSETTS
Middlesex Turnpike
Burlington 01803
Tel: (617) 272-9000
TWX: 710-332-0382

MICHIGAN

24315 Northwestern Highwa:;r
Southfield 48076

Tel: (313) 353-9100

TWX: 810-232-1532

MINNESOTA

2459 University Avenue
St. Paul 55114

Tel: (612) 646-7881
TWX: 910-563-3734

MISSOURI

9208 Wyoming Place
Kansas City 64114

Tel: (816) 333-2445

TWX: 910-771-2087

2812 South Brentwood Blvd.
St. Louis 63144

Tel: (314) 644-0220

TWX: 910-760-1670

NEW JERSEY

Crystal Brook Prof. Bldg.
Route 35

Eatontown

Tel: (201) 747-1060

391 Grand Avenue
Englewood 07631

Tel: (201) 567-3933
TWX: 710-991-9707

NEW MEXICO
P.0. Box 8366
Station C 87108
6501 Lomas Boulevard MN.E.
Albuguerque

Tel: (505) 255-5586
TWX: 910-989-1665
156 Wyatt Drive
Las Cruces 88001
Tel: (505) 526-2486
TWX: 910-983-0550

Hewlett-Packard (Canada) Lid.
1415 Lawrence Avenue West
Toronto

Tel: (416) 249-9196

TWX: 610-492-2382

CENTRAL AND SOUTH AMERICA

ARGENTINA
Mauricio A. Sudrez
Telecomunicaciones
Carlos Calvo 224
Buenos Aires

Tel: 30-6312, 34-9087

BRAZIL
Ciental, Importacdo e
Comércio Lida.
Rua Cleto Campelo, 44 - 5° andar
Recife

Ciental, Importacio e
Comércio Ltda.

Avenida 13 de Maio, 13-22° andar

Rio de Janeiro, G.B.

Ciental, Importacdo e
Comércib Lida.

Rua Des, Eliseu Guilherme, 62

S@o Paulo 8

Tel: 70-2318

CHILE

Héctor Calcagni
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Guatemala City
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Hewlett-Packard Mexicana,
S.A. de C.V.
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5579 Pearl Road
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Park Place Office Building
Camp Hill
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Tel: (514) 697-4232
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ho ELECTRONIC INSTRUMENTATION SALES AND SERVICE
w UNITED STATES, CANADA, CENTRAL AND SOUTH AMERICA
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TWX: 710-797-3650

144 Elizabeth Street
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Tel: (215) 248-1600, B28-6200
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Tel: (214) 357-1881
TWX: 910-861-4081
P.0. Box 22813

4242 Richmond Avenue
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TWX: 910-881-2645
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225 Billy Mitchell Road
San Antonio 78226

Tel: (512) 434-4171
TWX: 910-871-1170

UTAH

2890 South Main Street
Salt Lake City 84115
Tel: (BO1) 486-8166
TWX: 910-925-5681

VIRGINIA

P.0. Box 6514
2111 Spencer Road
Richmond 23230
Tel: (703) 282-5451
TWX: 710-956-0157

WASHINGTON

11656 N.E. Eighth Street
Bellevue 98004

Tel: (206) 454-3971
TWX: 910-443-2303
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Hewlett-Packard

1501 Page Mill Road
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FOR AREAS NOT
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Hewlett-Packard Inter-Americas
1501 Page Mill Road
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1501 Page Mill Road
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ELECTRONIC INSTRUMENTATION SALES AND SERVICE

h EUROPE, AFRICA, ASIA, AUSTRALIA

EUROPE

AUSTRIA

Unilabor HmbH
Wissenschaftliche Instrumente
Rummelhardtgasse 6/3

P.0. Box 33

Vienna |1X/71

Tel: 426 181

BELGIUM

Hewlett-Packard Benelux S.A.
20-24 rue de |'Hipital
Brussels

Tel: 11 22 20

DENMARK
Tage Olsen A/S
Rennegade 1
Cophenhagen @
Tel: 29 48 00

FINLAND

INTO O/Y
Meritullinkatu 11
P.0. Box 10153
Helsinki 10

Tel: 61 133

FRANCE
Hewlett-Packard France
2 rue Téte d'Or

Lyon, 6 - Rhine

Tel: 52 35 66
Hewlett-Packard France
150 Boulevard Massena
Paris 13e

Tel: 707 97 19

GERMANY

Hewlett-Packard Vertriebs-GmbH
Lietzenburger Strasse 30

1 Berlin W 30

Tel: 24 B6 36

Hewlett-Packard Vertriebs-GmbH
Herrenberger Strasse 110

703 Boblingen, Wiiurttemberg
Tel: 6971

Hewlett-Packard Vertriebs-GmbH
Achenbachstrasse 15

4 Diisseldorf 1

Tel: 68 52 58

Hewlett-Packard Vertriebs-GmbH
Kurhessenstrasse 95

6 Frankfurt 50

Tel: 52 00 36

Hewlett-Packard Vertriebs-GmbH
Beim Strohhause 26

2 Hamburg 1

Tel: 24 05 52

Hewlett-Packard Vertriebs-GmbH
Reginfriedstrasse 13

8 Munich 9

Tel: 49 51 21

GREECE

Kostos Karayannis
18, Ermou Street
Athens 126

Tel: 230 301

AFRICA, ASIA, AUSTRALIA

AUSTRALIA

Sample Electronics (Vic) Pty., Ltd.

22-26 Weir Street

Glen Iris S.E. 6

Melbourne, Victoria

Tel: 20-1371 (4 lines)

Sample Electronics
(N.S.W,) Pty. Ltd.

4 Grose Street

Glebe, New South Wales

Tel: 69-6338

ETHIOPIA

African Salespower & Agency
Private Ltd., Co.

P. 0. Box 718

Addis Ababa

Tel: 44090

INDIA

The Scientific Instrument Co., Ld
6, Tej Bahadur Sapru Road
Allahabad 1

Tel: 2451

The Scientific Instrument Co., Ld
240, Dr. Dadabhai Naoroji Road
Bombay 1

Tel: 26-2642

The Scientific Instr. Co., Ld.
11, Esplanade East
Calcutta 1

Tel: 23-4129

The Scientific Instrument Co., Ld.

30, Mount Road
Madras 2
Tel: 86339

The Scientific Instrument Co., Ld.

B-7, Ajmeri Gate Extn.
New Delhi 1
Tel: 27-1053

IRAN

Telecom, Ltd.

P. 0. Box 1812
Teheran

Tel: 43850, 48111

ISRAEL

Electronics & Engineering
Division of Motorola Israel Ltd.
16, Kremenelski Street
Tel-Aviv

Tel: 35021/2/3

IRELAND
Hewlett-Packard Ltd.
224 Bath Road

Slough, Bucks, England

Tel: Slough 28406-9, 29486-9

ITALY

Hewlett-Packard Italiana S.p.A.
Viale Lunigiana 46

Milan

Tel: 69 15 84

Hewlett-Packard Italiana S.p.A.
Palazzo Italia

Piazza Marconi 25

Rome - Eur

Tel: 591 2544

NETHERLANDS
Hewlett-Packard Benelux, N.V.
de Boelelaan 1043
Amsterdam, 7.2

Tel: 42 77 77

NORWAY
Morgenstierne & Co. A/S
Ingenigfirma

6 Wessels Gate

0slo

Tel: 20 16 35

JAPAN

Yokogawa-Hewlett-Packard Ltd.

Shinhankyu Building
No. 8, Umeda
Kita-ku, Osaka City
Tel: 313-0091

Yokogawa-Hewlett-Packard Ltd.

Ito Building

No. 59, Kotori-cho
Nakamura-ku, Nagoya City
Tel: 551-0215

Yokgawa-Hewlett-Packard Ltd.
Ohashi Building

No. 59, |-chome, Yoyogi
Shibuya-ku, Tokyo

Tel: 370-2281

KENYA

R. J. Tilbury Ltd.

P. 0. Box 2754

Suite 517/518

Hotel Ambassadeur
Nairobi

Tel: 25670, 26803, 68206

KOREA

American Trading Co., Korea, Ltd,

Seoul P. 0. Box 1103
112-35 Sokong-Dong
Jung-ku, Seoul

Tel: 3.7049, 3.7613

PORTUGAL

Telectra

Rua Rodrigo da Fonseca 103
P.0. Box 2531

Lisbon 1

Tel: 68 60 72

SPAIN

Ataio Ingerieros
Urgel, 259
Barcelona, 11

Tel: 230-69-88
Ataio Ingenieros
Enrique Larreta 12
Madrid, 16

Tel: 235 43 44

SWEDEN

HP Instrument AB
Hagakersgatan 7
Milndal

Tel: 031 - 27 68 00
HP Instrument AB
Centralvdgen 28
Solna

Tel: 08 - 83 08 30

LEBANON

Constantin E. Macridis
Clemenceau Street
Clemenceau Center
Beirut

Tel: 220846

NEW ZEALAND

Sample Electronics (N.Z.) Ltd.

8 Matipo Street
Onehunga S.E. 5
Auckland

Tel: 667-356

PAKISTAN (EAST)
Mushko & Company, Ltd.
Zirat Chambers

31, Jinnah Avenue

Dacca

Tel: BOOSB

PAKISTAN (WEST)
Mushko & Company, Ltd.
Oosman Chambers
Victoria Road

Karachi 3

Tel: 51027, 52927

SOUTH AFRICA

F. H. Flanter & Co. (Pty.), Ltd.

Rosella House
Buitencingle Street
Cape Town

Tel: 3-3817

SWITZERLAND
HEWPAK AG
Zuricherstrasse 20
8952 Schlieren
Zurich

Tel: (051) 98 18 21

TURKEY

Telekom Engineering Bureau
P.0. Box 376 - Galata
Istanbul

Tel: 49 40 40

UNITED KINGDOM
Hewlett-Packard Ltd.

224 Bath Road

Slough, Bucks

Tel: Slough 28406-9, 29486-9

YUGOSLAVIA

Belram S.A.

83 avenue des Mimosas
Brussels 15, Belgium
Tel: 35 29 58

FOR AREAS NOT
LISTED, CONTACT:
Hewlett-Packard S.A.

54 Route des Acacias
Geneva, Switzerland

Tel: (022) 42 81 50

Telex: 2.24.86

Cable: HEWPACKSA Geneva

F. H. Flanter & Co. (Pty.), Ltd.
104 Pharmacy House
80 Jorissen Street

Bra in, Job
Tel: 724-4172

TAIWAN

Hwa Sheng Electronic Co., Lid.
P. 0. Box 1558

21 Nanking West Road

Taipei

Tel: 46076, 45936

THAILAND

The International
Engineering Co., Ltd.

P. 0. Box 39

614 Sukhumvit Road

Bangkok

Tel: 913460-1-2

FOR AREAS NOT

LISTED, CONTACT:
Hewlett-Packard Export Marketing
1501 Page Mill Road

Palo Alto, California 94304

Tel: (415) 326-7000

Telex: 034-8461

Cable: HEWPACK Palo Alto
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