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A MANUAL FOR THE INSTALLATION, OPERATION

AND CALIBRATION OF A TELEMETRY SYSTEM
— W.T. Foster and F.E. Vachon —

This manual was written to help the inexperienced
(novice operator and user) to install and operate the
equipment, for the first time. However, it is advisable
to have someone who has installed it before, to supervise
the first installation made by a beginner.

The telemetry equipment is divided into thrce
main sections: the transmitting section, the receiving
section, a visual meter display section.

The transmitting section will be described in
Part I. The receiving section will be described in

Part II. The visual meter display in Part III.

PART I The Transmitting Section

The transmitting section is comprised of: a
modulation unit, with its power supply, and electronic
circuitry to form a modulator; a 260 MHz crystal controlled
transmitter which is battery powered; a dipolc antenna cut
for 260 MHz; digital rpm transducers; and a monitor
interface unit.,

A. Installation of the Equipment in a Model Ship

(1) Install the modulator unit at or near the
stern of the model ship, which is under test.
Secure unit firmly to the wooden decking, as

some testing may be under wave conditions which
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will subject the model to a rough sea.

(2) Install the 260 MHz transmitter unit close
to the modulator unit.

(3) Install the dipole antenna at the stern
position of the model in order to give some
separation between the antenna for the Remote
Control System, and the antenna for the
Telemetry Equipment.

(4) Install a digital rev./per/min. transducer,
one for each propulsion motor, if there is more
than one. The installation should be between the
motor and the propeller and close to the main
drive shaft. If a gear box is used after the
motor, the coupling should be made to the output
shaft of the gear box. A timing pulley, matching
the specifications of the pulley on the trans-
ducer assembly, should be installed on the
output shaft and coupled to the transducer
assembly with a rubber timing beclt.

(5) Install the monitor interfacc unit, about
midship, between the relay unit of the remote
control system and the modulator unit of the

telemetry equipment.



(6)

Interconnecting Cables

(a) If the equipment is to be run from a
120 volt 60 cycle source, a cable with a 3
prong male AC connector, on one end, and a

4 socket Amphenol screw-lock connector on
the other end, connects the AC source to

the 4 pin Amphenol connector on the lower
left side of the modulator unit,

(b) If a 24 volt battery source is used, a
cable with two alligator type battery clamps
plainly labelled (Positive +) and (Negative -)
on one end, and a 2 socket Amphenol screw-
lock connector on the other end, connects
the DC source to the 2 pin Amphenol
connector, on the lower left side of the
modulator unit.

(c) A cable with a 5 socket Amphenol
connector on onc e¢nd, and a 5 pin Amphenol
connector on the other end, connects the

rpm transducer assembly to an Amphcnol
connector, located on the upper part of the
second section, hinged door on the left side
of the modulator unit. There are three 5

socket connectors here, labelled RPM A, B, C,



one for each of the three rpm transducer
assemblies.

(d) A cable with a 5 pin Amphenol connector,
on one end and a 5 socket Amphenol connector
on the other end connects a 5 socket

Amphenol connector on the lower right side

of the modulator unit, to a 5 pin Amphenol
connector on the front edge of the monitor
interface unit. This supplies the voltage

to the telemetry part of the unit's circuitry.
(e) A RG 58 coaxial cable with male BNC
connectors at each end, connects the modula-
tion output connector, on the top panel of
the unit, to the pulse code modulation

input connector on the front panel of the

260 MHz transmitter.

(f) A RG 58 coaxial cable with male BNC
connectors at each end connects the modulated
RF output connector on the front panel of

the transmitter to the BNC connector of the
transmitting dipole antenna.

(g) A cable with a 12 pin Amphenol connector,
on both ends, connects the Amphenol connector

on the front edge of the monitor interface



unit to the Amphenol 12 socket connector,
labelled monitor "on/off" commands, located
on the upper part of the second section
hinged door, on the left side of the
modulator unit.

Refer to the diagram - BLOCK DIAGRAM OF
CONNECTIONS OF MONITOR INTERFACE UNIT
BETWEEN REMOTE CONTROL UNIT AND TELEMETRY
EQUIPMENT. (AF-12-134D)

(h) On the first section hinged door on
the left side of the modulator unit, eleven
5 socket Amphenol connectors are installed.
These are inputs to the analog channels of
the telemetry equipment. These inputs have
been assigned to monitor the appropriate
transducers for the following: Torque,
Rate Gyro, Thrust, Rudder Position Poten-
tiometer, Pitch, Roll, Yaw, lleave, Surge
and Sway. Where it is required, a
reference voltage is wired to these
connectors. High side to pin A, low side
to pin B and the moveable arm of the
transducer potentiometer to pin C, which

is wired into the assigned analog channel.



Cables would have to be connected to
these input connectors and to the afore-
mentioned transducers.

The eleventh connector, the only one
in the second column of this hinged door,
is assigned to the test ''Staircase' wave-
form. This waveform is brought out on an
Amphenol connector, at the mid point of
the second section hinged door, and a cable
from it could be put into any of the above
connector inputs, in order to check out that
particular channel.

(i) A cable with a 12 socket Amphenol
connector on both ends connects the connector
on the back edge of the monitor interface
unit to a connector on one end of the relay
unit of the remote control system. This
carries the status of the remote control
"on/off" commands.

(j) A cable with a 5 socket Amphenol
connector on one end, and a 5 pin Amphenol
connector on the other end, connects a
connector on the left end of the monitor

interface unit to a connector on one end



of the relay unit. This supplies 3.6 volts,
from the relay unit, to the monitor interface

unit. This voltage lights the ''Vactec' units.

Operation of the Transmitting End (Refer to Plate 7)

(1) Open the lower front hinged door, which
covers the switch, fuse and meter panel.

Having plugged in the input power cable to the
AC line, the first meter on the left, #8 of the
power supply circuit diagram, a normal 0-1 MA
movement with a IN2071 rectifier and a 120K
resistor in series, connected across the line,
will give a reading on the positive cycles, and
will register 120 volts, at approximately hal f
scale of the meter. This is indicated by a
black dot on the scale. The line voltage is
stepped down, rectified and filtered by the usual
methods, before it is switched to the chopper
circuit. The normal use of this ﬁart of the
equipment (chopper) is with a battery source.
Two twelve volt 32 ampere-hour batteries in
series should be connccted to the unit. The

first meter in this casc will not recad.




(2) The first toggle switch along the panel
selects the AC line with its conversion to DC,

or the direct output from a battery source.

The "Up" position is for the 120 V 60 cycle

l1ine source and the "Down'" position is for the

24 volt battery source.

(3) The next switch along the panel turns the
power "on' to the chopper circuitry; "Up" is "on"
and '"Down'" is "off". The second meter along the
panel (#1 on the power supply circuit diagram)
will read the DC volts out of the battery source,
after the protective diode, when on battery, or
the DC output of the AC line rectified source,
when on line. If the chopper doesn't start

(rest of the meters all at zero, and no familiar
chopper noise is heard) press the push button,
next along the panel, to trigger the chopper.

(4) With the chopper opecrating, the rest ol the
meters along the panecl will indicate the required
voltages for the circuitry in this unit. Each
meter scale is marked with a black line which will
indicate normal voltage conditions.

Meter #2 Reads + 3.6 Volts for all the logic circuits

Meter #3 Reads + 7 Volts for the "FET" Switch Drivers




Meter #4 Reads + 12 Volts for the Ladder Switches
Meter #5 Reads 5.12 Volts for the Ladder Reference Volts
Meter #6 Reads -12 Volts for the "FET'" Switches
Meter #7 Reads -6 Volts for the Comparator Component.
In the chopper D.C. Power Supply is a reference cell.
It is in the regulator circuit of the reference
supply. It is a 1.35 Mallory Battery #RM12R. It
should be checked for voltage and also for any
corrosion about the battery or its holder contacts.
(5) On the right side of the modulator unit,
behind a hinged door, are several facilities for
the operation of the equipment. (Refer to Plate 13)

(a) First there is a patch panel board,

with pins inserted in the sockets. These

pins select the required waveforms for

super-commutation, of 10 normal analog

inputs. (See diagram on the back of the

door for where to place the pins.)

Input #9 can be sampled at 4 times normal

or 800 samples per second.

Input 10, 11, 12 and 13 can be sampled at

2 times normal or 400 samples per second.

Inputs 9, 10, 11, 12, 13, 30, 31, 32, 33,

and 34 can be sampled normally at 200 samples

per second.



10

(b) There are 6 BNC connectors above the
patch panel. These are monitor points for
the different waveforms in the circuitry of
this unit. (See instructi&ns PART 1, Section
E, ”?rocedure for Checking The Transmitter
End Waveforms'.)
(c) Above the BNC connectors, are located
a clock face dial potentiometer and a multi-
pole two position switch (SW3). These two
components are used as test facilities. The
potentiometer is connected across the
reference voltage of the system and will
feed an analog voltage into analog channel #1.
In order to monitor this test, a column
of lamps is used, and is located behind a
plastic window at the top left side of the
front panel.
The switch labelled (SW3) must be

laced in the "down' position. This will
P p

" cause the lamps to be powered ready to be

turned on, by lamp drivers, according to the
digital representation of the analog vealue
of the setting of the clock face dial

potentiometer. At the same time, the switch
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will stop the shifting of the shift
register. Only analog input #1 will be
loaded into the shift register. Changing
the clock face dial potentiometer will
change the arrangement of the lamps, "on"
or "off". The top ten lamps indicate the
10 bits for which the analog voltage is
converted to digital form. Reading from
the top lamp means 1/2 the value of the
Reference Volts, next would be 1/4 value,
then 1/8 value, 1/16, 1/32, 1/64, 1/128,
1/256, 1/512, 1/1024. The 11th lamp 1is
not used but will be '"on'. The 12th, 13th,
and 14th lamps signify the minor frame
number, which in this case is FO and the
three lamps will be "off".

The 15th lamp is not used but will be
"on". The 16th lamp is a sparc which is not
connected and will be "off'". To check out
each bit, gradually increase the clock [face
dial. Observe the lamps going on and off,
as the dial is increased. All the first 10
lamps will be '"on' when the dial of the

potentiometer is at its most clockwise position.




(d) 1Inside the unit, located on page 2 of
the logic section (numbering from the back
as 1, 2, on the hinged door, 3 § 4 are

fixed pages, 5 § 6 on the front hinged

door) is a group of monitoring lamps.

These monitor the minor frame sequence.

The speed of the normal sequence is too

fast to observe, so switch #1 at the top of
page 2 is placed in the up position. This
changes the shift rate to 444 C/S which is
quite slow, and the lamps will come on, one
at a time, showing the sequence of the minor
frames. Only the bottom eight lamps of the
column are used. The bottom lamp is for FO
and upwards is F1, F2, F3, F4, F5, F6, and
F7. Switch #1 is left in the centre position
for normal operation. Further along the top
of page 2 is another switch, SW2, labelled
automatic/manual. In the automatic position
the clock timing does the shifting. In

the manual position the adjacent push button
is used to pulse the equipment. It will
take quite a number of pulses to operate the

necessary shifting.

s

—_———
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(e) Located along the top of page 6 are

6 potentiometers for adjustment of the load
of the LS 600 light sensors, and 3 potentio-
meters to adjust the light brightness in

the circuitry of the rpm transducers. These
have been adjusted and should not need any
further attention. These are labelled A,
Al, A2, for rpm transducer A; B, Bl, BZ, for
rpm transducer circuit B; and C, C1, C2, for
rpm transducer circuit C. Lamp brightness
adjustments are A, B, C. (Refer to diagrams -
RPM Pickoffs, Counter and Buffer Register.)
Adjust for brightness with Pot A. Adjust
Al, A2 for symmetry of square wave at the
monitor points on pin 6 position 1 and pin 6

position 2, page 6.

Assignment of the Analog Channels (Refer to Platc 11)

The eleven Amphenol, 5 socket connectors, on the
hinged door at the left side of the unit, have been
assigned to certain functions, and would requirce a
cable connection from the appropriate transducer.
(1) The top connector of the first column 1is

labelled Torque. It has a fixed connection to
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channel #9 which is a normal channel and is
sampled at 200 times per second., It is not
connected to the reference voltage. It does

have a connection to signal ground on socket B.
Socket C, which would receive the output of the
Torque transducer amplifier, is wired into
channel #9 input, page 4.

(2) The second connector down is labelled Rate
Gyro. It is connected to the reference voltage,
on socket A, to supply the transducer potentiometer
with + 5.12 volts. Signal ground or low side of
the reference volts is on socket B. Output of the
moving arm of the potentiometer of the Rate Gyro
is received on socket C, which is wired into sub-
commutated channel #20, page 3, and sampled at

25 times per second.

(3) The third connector down is labelled Thrust.
It is not connected to the refercnce voltage. It
does have a connection from socket B to signal
ground. Socket C which would receive the output
of the Thrust transducer amplifier is wired into
channel #10, page 4. This is a normal channel

and sampled at 200 times per second.



(4) The fourth connector down is labelled
Rudder Position Pot. This is connected to the
reference voltage, to supply voltage to the
potentiometer located on the top of the Remote
Control Rudder Servo Unit, and attached to the
main rudder shaft. The 5.12 volts is on socket
A and the low side or signal ground is on
socket B. Socket C would carry the output

from the moving arm of the potentiometer on the
rudder and is wired into sub-commutated channel
#4, page 4. It is sampled 25 times per second.
(5) The fifth connector down is labelled Pitch.
It is connected to the reference voltage to
supply voltage to the pitch indicator potentio-
meter, on the stable platform. 5.12 volts 1is
on socket A, and the low side of the reference
or signal ground is on socket B. The output of
the moving arm of the pitch indicator potentio-
meter is received on socket C, which is wired
into sub-commutated channel #14 page 3. It is
sampled 25 times per second.

(6) The sixth connector down is labelled Roll.
It is connected to the reference voltage, to
supply voltage to the roll indicator potentio-

mecter, on the stable platform. 5.12 volts is on
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socket A and the low side of the reference or
signal ground is on socket B. Socket C which
would receive the output of the movable arm of
the roll indicator potentiometer 1is wired into
sub-commutated channel #15 page 3. It is

sampled 25 times per second.

(7) The seventh connector down is labelled

Yaw. It is connected to the reference volts

to supply voltage to the yaw indicator potentio-
meter on the stable platform. 5.12 volts is on
socket A and the low side of the reference or
signal ground is on socket B. Socket C, which
would receive the output of the movable arm of
the yaw indicator potentiometer, is wired into
sub-commutated channel #16 page 3. It is sampled
25 times per second.

(8) The eighth connector down is labelled lleave.
It is not connected to the reference voltage.

It does have a connection to signal ground on
socket B. Socket C would receive the output of
the amplifier connected to the Heave accelerometer
of the stable platform, and is wired into sub-
commutated channel #17 page 3. It is sampled

25 times per second.
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(9) The ninth connector down is labelled Surge.
It is not connected to the reference volts. It
does have a connection to signal ground on
socket B. Socket C would carry the output of
the amplifier connected to the Surge accelero-
meter of the stable platform, and is wired into
sub-commutated channel #18 page 3. It is
sampled 25 times per second.

(10) The bottom connector of this column 1is
labelled Sway. It is not connected to the
reference voltage. It does have a connection
to Signal ground on socket B. Socket C would
carry the output of the amplifier connected to
the Sway accelerometer of the stable platform,
and is wired into sub-commutated channel #19
page 3. It is sampled 25 times per second.
(11) The connector in the second column 1is
assigned to the '"stair case" test signal.
Socket C, which would receive the signal, is
wired into sub-commutated channel #2 page 4.

It is sampled 25 times per second.

(12) The clock face dial potentiometer behind
the upper right side panel door, which is

connected across the reference voltage, has its
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movable arm connected to sub-commutated channel

#1 page 4, and is sampled 25 times per second.

(13) The 3.6 volts (Vcc) which powers all the

logic circuitry is also monitored. It is

wired into sub-commutated channel #3 page 4.

It is sampled 25 times per second.

(14) There are four digital channels in the

telemetry unit. The input connectors to these

channels are located on the second section of

the hinged door, on the left side of the unit.

A connection is required to each rpm pick-off

assembly.
(a) The connectors labelled RPM A, B, C,
are 5 socket connectors. Each connector
has sockets A and B used to provide 3.6
volts for the light source in the digital
pick-off assembly. Sockets D and E carry
outputs of the T.I. LS600 1light sensors,
which are in the pick-off assembly, to
the inputs of the circuitry which handles
the output of the light sensors. Socket C
is a common signal return or signal ground.
(See diagram RPM Pick off, Counters and

Buffer Registers.)
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(b) The fourth connector is a 12 socket
Amphenol connector. It is used to connect
the monitor interface unit of the Remote
Control Equipment to the telemetry unit.
The connector is wired to input gates (see
diagram sub-commutated digital multiplexer)
for digital channel #4. It monitors the
"on/off" status of the Remote Control
Equipment.

(15) (a) There are 34 analog channels in the
unit, of which the foregoing assignment
uses 13. The remainder can be used by
patching into the appropriate inputs

5- 8 inclusive,
11-13 inclusive,
21-34 inclusive.
(b) Inputs to the connectors for analog
inputs should be positive and from 0 to
5.12 volts, which is the reference volts.

The digital inputs are 0 volts or 3.6 volts.



D. The Transmitter

Some Notes on the 260 MHz Telemetry Transmitter

(1) The previous transmitter had a crystal (130
MHz overtone) in the base circuit of a Hartley type
oscillator. Feedback was from a tap on the collector
tank circuit to the emitter. Frequency doubling occurred
via the non-linear (voltage-dependent) capacity from
collector to base and from collector to emitter. The
tank circuit output was fed into another voltage
dependent tuned circuit which was purposely 'detuned"
through the action of a "varicap'" on which the binary
modulation was impressed. The problem with this trans-
mitter was the sensitivity to battery voltage. Any
small change in battery voltage caused a mistuning and
other undesirable effects, such as the oscillator
stopping or the modulation being '"reversed'". Antenna

loading was also critical.

(2) The following is a description of a more
standard type of circuit. The function of oscillation,
doubling, and modulation are separated physically.

This was to provide the necessary isolation between the

3 stages.
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The oscillator is identical to the one described
above. The tank circuit is tuned to the crystal
frequency. Monitoring of the collector current was
provided so that the initial (or subsequent) tuning
can be done easily in the laboratory as well as in the
field. The doubler stage consists of another transistor
whose base is coupled to the 130 MHz crystal oscillator
by a few turns (loosely coupled) to the collector tank
circuit of the oscillator. These turns are tuned to
130 MHz in a parallel tuned circuit. The collector of
this doubler is tuned to 260 MHz. Although the
efficiency of thié type of doubler may be low, the
primary object, --isolating the crystal oscillator-- ,
has been accomplished in this way. The next step was
to modulate the 260 MHz. This was done by a FET
transistor on which there are two gates, besides the
source and drain. One gate, gate #1, is fed with the
RF carrier (260 MHz) and the other gatec, gate #2, is
fed with the binary modulation voltage. This FET
(3N140) has sufficient gain to allow feeding the
antenna directly for our purposes. The modulation
voltage is interfaced to gate #2 by another transistor.
The level changing required was minimal. One other

aspect of the transmitter requires explanation. This




is the output tuning and matching of the signal to the
antenna. A parallel tank circuit in the output accom-
plishes the tuning and this is followed by a small
(few pFs) capacitor which "transforms" the impedances.
The antenna impedance is low (35 ohms or so) and a slight
mismatch 35 ohms to 50 ohms cable occurs. Any reactance
is "tuned" by means of the output capacitor.

A schematic of the complete transmitter is shown
in diagram labelled '"Shipboard Telemetry Equipment
Transmitter 260 MHz with 3N141 Switch". (AF-12-132D)

(Plates 6 and 9)

(3) Tuning Procedure

Referring to the schematic diagram above, the
tuning procedure is as follows:

(a) Adjust the oscillator tank circuit to

resonance by Cl’ Note the rise in collector

current as resonance is approached. Tune Cq

till a maximum is reached. This is about 12 mA

for a collector supply voltage of 10 volts.

(b) Tune C2 for resonance. This is done by

observing the collector current of the doubler

stage. A rise in collector current indicates a

tuncd condition.
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(c) Tune C3 for maximum collector current.
Again, use the meter in the collector circuit
for indication of tuning.

(d) Attach an antenna to the output connector.
Using an RF detector (described elsewhere)
coupled close to the antenna, tune the collector
tank circuit of the final stage for a maximum
reading on the detector meter.

Go back to trim up - do steps a, b, and c over

again to maximize the detector reading.

(4) Modulation Test

There are two bias potentiometers which control
Vg1 and ng. These are initially set up in the 1lab.
Vgp = -0.5 volts and Vg, = +4 volts (all voltages are
with respect to the source). The modulation is applied
to the connector marked ''"MOD" and the levels here are
+ 0.2 volts for a '1l' and + 2.7 volts for a '0'. When
the MOD input is open circuited, carricr is outputted.
Using the video detector, (described elsewherc),
check for modulation by putting a square wave or the
actual PCM signal from the telemetry unit into the MOD
connector and observe on a good D.C. oscilloscope.
Note the rise and fall times. This should be about

one microsecond or less.



Typical Meter Readings (10 volts)

I I, I
Oscillator Doubler Modulator
11 MA 20 MA 7 MA
Volts 9
RF OouT 14 mW Not Modulated

on FXR Power Meter

B831A

MOD SWITCH
Source to Gnd 1,7 volts
Vgl - .2 V to source

Vv + 2.6 volts to source

g2
FET Transistor 3N141

(5) Some Physical Features of the Transmitter

(a) The transmitter is powered by two Mallory
5.4 volt batteries in series (TR 134R).
(b) Monitor Meter -

A 0-1.0 milliampere meter is usecd to
read the collector current in each of the
oscillator, doubler and modulation circuits.
The meter has a shunt resistor of 8.2 ohm
to read 20 mils full scale, and a 10 X
resistor in series when used as a voltmeter

(Push Button) to read 10 volts full scale.

E— e = —
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With the rotary switch in position 1, the
meter will read the oscillator circuit
collector current; in position 2, the
meter will read the doubler collector
current; in position 3, the meter will
read the modulator current.

(c) Toggle switch turns the battery power
"on/off".

(d) Pulse code modulation input BNC
connector carries the modulation to the
modulator switch.

(e) RF output BNC connector carries RF

to the antenna.

(f) In order to tune the various stages,
1ift the hole plugs, left side of the
case, and insert a tuning wand to vary the
air-type capacitors. Observe the
appropriate meter reading, and adjust the
capacitor to peak the current reading.

(g) The RF carrier is "on" when the
modulation level is at 0 volts and "off"
when it is 2.3 volts.

(h) A wavemeter, provided with the trans-

mitter, can be held against the dipole to
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monitor the output of the transmitting
antenna. It is tunable and reads on a
meter scale. The 260 MHz point is marked
and labelled.

(i) A detector unit, supplied with the
equipment can be held against the antenna
and its output can be fed into an
oscilloscope and the modulation can be
observed.

(j) Wavemeter to cover 200-280 MHz

Useful for checking both the remote
control and telemetry transmitters.
(Plate 14)

Construction details

Take about 6" of copper strap 1/32
inch thick and 1/4 inch wide and bend into
a U-shape with the ends 1" apart. Then
solder an air capacitor, 2-15 pF directly
across the ends. This should be very
rigidly soldered. Note that the variable
side of this capacitor should be on the
"cold" side of the circuit. Put a small
diode as close as possible to the "hot"

side of the coil and connect the other end
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to the 0.001 capacitor. Again, use short
leads. The 0.001 should be a ceramic disc
type. A 0.33 uH (wee-ductor) RF choke
blocks the RF from the D.C. circuit,

Mount all the parts on a copper plate
2" x 6" x 1/16" thick. 1K resistor 1is
added to "match'" the meter (0-25 uA) to
the detector.

Attach a good dial and a pointer to
the variable capacitor and calibrate using
a good RF generator.

(k) Detector to cover 200-280 MHz

This detector is used for initially checking
the modulation envelope from the telemetry
transmitter and the remote-control
transmitter. (Plate 14)

Construction Details

Take a 6" long x 1/4'" wide x 1/32"
thick copper strap and bend it into a U-
shaped piece and solder an air-capacitor
across the ends. A small diode, 33 uF
capacitor, and a 1K load resistor arc
required. The circuits are as shown in

Figure #1,
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E. Procedure for Checking the Transmitting End Waveforms

It is advisable to use a Tektronix Oscilloscope
type number 543 with a type "CA PLUG IN UNIT" to
check the following waveforms. Refer to Fig. 2 '"WAVE
FORMS FOR TRANSMITTING END TO TELEMETRY" and photographs
of waveforms.

Locate the group of 6 BNC connectors, behind the
hinged door, upper right side of transmitting end unit
of the telemetry equipment. These BNC connectors

monitor waveforms U, Shift Pulse, a, A, FO, and

Modulation. These waveform photographs were taken of
equipment in serviceable condition. So we will assume
FO 1is correct.

(1) Set the oscilloscope for external trigger + and
AC FAST.

(2) Connect a cable from the BNC connector labelled
FO, to the trigger input of the oscilloscope
and also to channel A on the "plug in" unit
of the oscilloscope.

(3) Set mode switch to A.

(4) Set volts/cm to 2 volts.

(5) Set swecp time/cm to S5 milliscconds.

(6) Adjust the triggering level so the swecep will

trigger on the leading edge of FO.




(7)

(8)

(9)

(10)
(11)
(12)

(13)

(14)
(15)
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Observe the resulting waveform. It should look
like the waveform labelled FO Fig. 2, '"Wave-
forms for Transmitting End of Telemetry
Equipment'. Check the triggering time and
measure the time intervals.

Leave the controls for the external trigger and
the triggering level at the same setting for
the rest of the procedure.

Disconnect the cable attached to channel A of
the oscilloscope from the BNC connector labelled
FO and connect it to the BNC connector labelled
SHIFT.

Set Sweep Time/cm to 10 microseconds.

Set Volts/cm to 2 volts.

Compare with wavéforms of Fig. 2 labelled shift.
Observe start of shift, length of the pulse

(5 microseconds) interpulse period, (20
microseconds) and 1.4 volts.

Remove the BNC connector from the Shift

monitor point and connect it to the BNC
connector labelled "a".

Set the Sweep Time/cm to 50 microseconds.
Compare to waveforms of Fig. 2, labelled "a™.

Observe the start of "a'", length of pulse,

(20 microseconds) interpulse period (320 microseconds).

e
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(16)
(17)
(18)
(19)

(20)

(21)
(22)
(23)

(24)

(25)

(26)

(27)

(28)

Set Sweep Time/cm to 5 microseconds.

Observe the length of the pulse in expanded form,
Remove the BNC connector from monitor point "a"
and connect it to the monitor point "A",

Set the Sweep Time/cm to 50 microseconds.

Compare to waveform of Fig. 2 labelled "A",
notice the start of the waveform and its length,
320 microseconds with a 1.7 volt height.

Switch Sweep Time/cm to 1 millisecond.

Observe the inter pulse period, (5.120 usec.).
Remove the BNC connector from "A'" and connect

it to monitor point U.

Set Sweep Time/cm to 1 millisecond.

Compare to waveforms of Fig. 2 labelled U.

Notice time from t1g tO tyg- This is when the
frame sync pattern is shifted out of the register.
Remove the BNC connector from monitor point U
and connect it to the BNC connector labelled
'""Mod" for modulation.

Take another cable and connect it to channel '"B"
on the oscilloscope plug in unit, and to
monitor point U.

Set Sweep Time/cm to 200 microseconds and mode

switch to alternate.
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(30)

(31)
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Observe the two waveforms and compare them to
Fig. 2 waveforms, labelled '"Mod". Observe the
two frame sync patterns are shifted out during
waveform U. Check the frame sync pattern. It
should be 1111 000 100 110 100 (8 ones § 8 zeros)
followed by 1111 000 100 110 100.

Observe channel #1 which follows immediately
after the end of waveform U, This is a digital
representation of the analog value, set into
channel #1 by the setting of the clock face
dial potentiometer. The potentiometer is set
at 9.14 turns of the dial and has an analog
voltage of 4.670 volts. A column of lamps
monitoring the digital conversion would show
1110100110 for its 10 bits of conversion.

The value of the digital bit stream would be

"E Ref" 5.12 Volts x [512(1)+256(1)+128(1)+32(1)+4(1)+2(1)]

1024
= 4,670 volts

The 11th lamp shows a "1". It will always show
as a '"1", due to the input circuitry of the

gate being at zero volts, which shows as a "1" in
the shifted output bit stream.

The next three lamps show three zeros. These

are used to show the minor frame number, which is



1.

in this case, FO. The 15th bit is a "1" for

same reason as 11th bit. The last or 16th

bit is called Parity Bit. It is dependent

on the preceding number of bits. If the preceding
bits come to an even number of 1's, a parity

bit of "1" is added to the bit stream so that

the total number of "1's" will be odd. This

is called odd parity.

Immediately following channel 1 is channel 9.

R.P.M. Measurement

Figure 3 shows the prefocused lamp and the two

photo transistors used in conjunction with a slotted

wheel (shown in drawing BD-15-3B) to measure the RPM

of the propeller. The 150 tooth wheel is driven at

the same speed as the propeller by a toothed belt.

Circuitry is provided in the logic unit to slice and

square up the sine wave coming from each photo tran-

sistor.

Five usec. pulses are produced at each tran-

sition in both square waves and gated into a 10-bit

counter for a time interval of 40 MS. 320 ﬁsec.

later the content of the counter is parallel transferred

into a buffer register. Another 320 usec. later



the counter is cleared by a 320 usec. pulse. At the
end of this clearing pulse, the 40 MSec. gate 1is
again enabled to generate another RPM measurement.

The sine waves produced by the two photo
transistors must have a 90 degree phase difference so
that the 5 usec. pulses derived from one sine wave
are positioned, timewise, at the mid-point between
the 5 usec. pulses derived from the other sine wave.
This means that the distance between the photo tran-
sistors measured along the circumference of the wheel
must be an odd number of 1/4 tooth intervals (1 tooth
interval = the circumference of the wheel divided by
150 or about 0.062 inch). In practice this phasing
adjustment is done quite simply by observing the 2
square waves on a dual-beam oscilloscope and rotating
the photo transistor holder until the proper 90°
phasing is obtained.

One lamp is sufficient to illuminate both phot
transistors and no masks are required because each
tooth is wide enough (about 0.032 inch) to cover up
the lens on one transistor.

The direction of rotation of the propeller sha
is obtained by observing the phase rclation of the 2

square waves. The phase difference is always 90° but

33
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the leading square wave becomes the lagging one if the
direction of rotation is changed. In practice one of
the square waves is used to condition a JK flip-flop
while the negative edges of the other square wave are
used to trigger the same flip-flop. Thus the direction
of rotation is loaded into this flip-flop.

The symmetry of the square waves can be adjusted
by a potentiometer in series with the lamp and also by
two other potentiometers in series with the two photo
transistor load resistors.

Three RPM pick-offs can be handled by the
circuitry in the logic unit. There are three 10-bit
counters and three buffer registers. The three
counters count simultaneously and are all transferred
to their buffer registers by one transfer pulse. One
TIP 14 transistor is used to regulate the lamp voltage

on the 3 RPM pick-offs.

2. The measurement of RPM is thus arrived at in
the following manner. Each tooth produces two five
psec. pulses for each photo transistor it goes past.
This gives 4 pulses per tooth.

No. of teeth per minute

The RPM = 150
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No. of pulses per minute
4 x 150

No. of pulses per 40 MS x 1500
4 x 150

= No. of pulses per 40 MS x 2.5
Each pulse produced is worth 2.5 RPM. The 10-bit
counter could count up to 2,557.5 RPM, (1023 x 2.5).
There is also provision made to delete one half of
the 5 usec. pulses. This would make each remaining
pulse worth 5 RPM and the 10-bit counter could then

count up to 5,115 RPM, (1023 x 5).

G. Chopper Power Supply

The lower portion of the logic unit contains a
chopper power supply. The chopper, shown in circuit
diagram (AF 12-148D) operates from 24 volts DC
(fused for 1.5 amps) which can be supplied from lead
acid batteries or from an internal transformer and
rectifier supply connected to a 115 volt 60 cycle
source such as a gas-electric generator. A switch
is provided to select battery or 60 cycle operation.
A 1IN3210 rectifier is connected in series with the
positive battery lead to prevent damage to the two

chopper transistors if the batteries arc accidentally

———r——




connected in reverse. A push button is provided to
start the chopper in case it does not self-start. The
push button merely applies a short voltage spike, via
a capacitor, to the base of one of the transistors.

The toroidal transformer, with orthonol core
#50038 (with 2 mil tape), has three secondary windings
to provide + 3.6 volts, + 12 volts and - 12 volts
after full-wave rectification. The + 12 and - 12
volt supplies are further reduced by dropping resistors
and zener diode regulated to provide + 7 and - 6 volts.
The + 12 volt supply is also used as the input to a
+ 5.12 volt regulator for the reference supply. This
reference voltage regulator utilizes a 2N3704 series
transistor driven by an MC1430 operational amplifier.

A 1.35 volt mercury cell is used as a reference for
the MC1430 and a potentiometer is provided to adjust
the regulated output to + 5.120 volts.

Light voltmeters, labelled v, to V8 arc provided
on the front panel of the logic unit to monitor the
following 8 voltages:

V., monitors the 24 V input to the chopper

1

V2 monitors the + 3.6 V for the integrated circuits

V3 monitors the + 7V

V4 monitors the + 12 V
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monitors the + 5,120 V regulated reference

Vs
V6 monitors the - 12V
V7 monitors the -6 V

A IN600OA (4.7V, 10 watt zener diode) is connected
across the + 3.6 volt supply to prevent damage to the
integrated circuits 1n case an excessive voltage 1s

applied to the input of the chopper.

H. Staircase Generator

A nine level staircase generator, located at
the bottom of page 2 and shown in circuit diagram
AF12-152D is provided to simulate data in order to
check the various analog channels of the telemetry.
Three types of staircase waveforms could be obtained.
These are shown in the bottom three waveforms on the
circuit diagram. Pin 14 of integrated circuit No. 69
(or g) can be jumpered to ground to obtain the bottom
waveform, or pin 13 of the same IC (or h) can be
jumpered to ground to obtain the second waveform
from the bottom. ' These two bottom waveforms have not
proven to be very useful because their fast transitions

make them quite unlike the actual data. The third

waveform from the bottom, labelled '"normal output', is

8 monitors the 115 V - 60 cycle source (if used).
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preferred because of its closer resemblance to the actual
data. It is obtained by leaving the circuitry as shown
in the diagram;

The staircase output is brought out to a connector
on the left side of the logic unit and can be patched
into any one of the eleven adjacent connectors which are
inputs to 11 of the anaiog channels. Normally it is
left patched into the channel 2 connector. Furthermore,
inside the unit, on page 4, this channel Z connector can
be disconnected from channel 2 and plugged into any one
of the other analog channels for checking each channel
separately. As will be described later, the staircase
waveform can be transmitted on channel 2 and made to
appear simultaneously at all 10 analog outputs at the
receiving end. Thus when a multi-channel paper chart
recorder (up to 10 channels) is used, all the channels
can be easily adjusted for range (or gain) and zero
setting.

The staircase generator consists of a counter and
a resistance ladder containing four weighted resistors
of values 1.35 K, 2.7K, 5.4K and 5.4K. Flip-flops D, E,
F and G drive the input ends of the resistors to ground
potential or to +5.12 volts by means of the ladder

drivers. The outputs of the flip-flops are complemented
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or not complemented by integrated circuits 63, 64 and
65 depending on the setting of flip-flop H. Waveform
EJ drives a divide by 4 counter (flip-flops B and C)
which in turn drives the divide by 10 counter (ladder
flip-flops D, E, F and G) which in turn drives the
complementing flip-flop H. The 1.35 K, 2.7K, 5.4K
and 5.4K resistors will contribute to the ladder output
respectively 1/2, 1/4, 1/8 and 1/8 of the 5.12 volt
reference. If a resistor input is at ground potential
it does not contribute to the output, but if it is at
+ 5.12 volts it does contribute.

Recording No. 1 shows the original staircase
plus its received version on channel 2 at 25 samples

per second and on channel 9 at 200 samples per second.

PART 11 The Receiving Section

(1) The receiving section is comprised of a 260.4 MHz
receiver, with a 10.7 MHz intermediate frequency,
270.7 MHz local oscillator, crystal detector and
an automatic slicer in its output. The receiver
is externally battery powered, with + 12 volt and
- 12 volt batteries.

(2) A dipole antenna cut for 260.4 Miz.

(3) A demultiplexing unit with 1its time recovery,
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demultiplexing, shift register, buffer and hold
registers, digital readout, D/A conversion and

analog switching circuits.

A. Installation of the Equipment in the Tower

(1)

(2)

(3)

(4)

(5)

The equipment should be installed on a table,
located on the tower platform, and adjacent to
the remote control console. The operator of

the remote control equipment should be able to
see the monitoring panel of the telemetry equipment,
in order to monitor the '"Status of the Remote
Control System'.

Mount the receiving dipole antenna with its wire
mesh reflector, on the tower close to the plat-
form, which holds the tower equipment.

The 260.4 MHz receiver could be mounted on a
shelf below the demultiplexing unit.

Mount the demultiplexing unit, as mentioned,
beside the remote control console.

Interconnecting Cables

(a) A RG 58 coaxial cable, with male BNC
connectors at both ends, conneccts the dipole
antenna, to the input BNC conncctor on the

260.4 Mllz receiver.
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(b) A RG 58 coaxial cable, with male BNC
connectors at both ends, connects the sliced
output of the reciver, to the BNC connector
on the left side panel of the demultiplexer
unit.

(c) A cable with a male 3 prong AC connector,
on one end, and a female 3 socket AC
connector on the other end connects the
tower AC hydro 115 volt 60 cycle power line
connector, to the demultiplexing unit, at

the connector on the lower left side panel.

B. Operation of the Receiving End (Refer to Plate 1)

(1)

Open the lower hinged door which covers the
switch, fuse and meter panel.

The meter on the left reads the AC line
volts, which would be about 115 volts. The
D.P.D.T. toggle switch, with the fuse holder
above it, next along the panel, is the AC power
"on/off" switch to the D.C. power supplies. One
supply is located in the base of the unit, and
the other a 28 volt power supply is located
behind the monitor lamps, of the upper right

front panel. The second pole of thec switch



(2)

controls a Mallory cell (1.34 volts) in the
reference voltage regulation circuit. The

next seven meters along the panel monitor the
various D.C. voltages required for the circuitry
in the unit. The meters read:

Reference voltage, which would read 5.12

volts.

Logic Voltage, which would read 3.6 volts.

Ladder Switch Voltage, which would read

+ 12 volts.

Operational Amplifier Voltage, which would

read + 12 volts.

"Fet'" switch voltage, which would read

- 12 volts.

Operational Amplifier Recorder Driver,

+ 12 volts (sixth meter) - 12 volts
(seventh meter).

The next fuse along the panel is for the 28
volts DC power supply which operates the lamps
of the monitor assemblies.

The toggle '"on/off'" switch next along the
panel controls the 28 volt DC to the lamps of
the top three rows of the monitor assemblies.
The sloping panel has two hinged doors--

Lift the one on the right side. Under it is

- S
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a patch panel board, with many sockets. Some of
these sockets have the waveforms which switch the

six digital registers and the ten analog switch
circuits. The sockets show:

First Row-Sub commutating waveforms for Ch 1-Ch 8
Second Row-Normal commutating waveforms for Ch 9-Ch 13
Third Row-Sub Commutating waveforms for Ch 14 - Ch 21
Fourth Row-Normal commutating waveforms for Ch 30-Ch 34
Fifth Row-Super Commutating waveforms for channels.

(9 and 30) (10 and 31) (11 and 32) (12 and 33)

(13 and 34) (9 and 30 and 13 and 34)

Sixth Row-Waveforms for digital Ch 1 - Ch 8 but

only Ch 1 to Ch 4 are utilized at the sending end
equipment.

Seventh Row-is the connections to the output gates
which switch the six digital registers with their
display circuits and the ten analog switching
circuits, labelled ABCDEFGHJKLM.

(A) One digital register and one analog circuit

(B) One digital register and one analog circuit

(C) One digital register and one analog circuit

(D) One digital register and one analog circuit

(E) One digital register and one analog circult

(F) One digital register and one analog circuit
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(3)

(G) One analog circuit

(H) One analog circuit

(J) One analog circuit

(K) One analog circuit

(L) Spare socket not connected

(M) Spare socket not connected.

The operation of the patch panel is as follows:
Select, say, sub commutated channel socket number
1 and patch it into socket in bottom row, say
output gate socket A, The waveform out of socket
1 will switch the first digital register with its
column of monitor lamps, on page 3 of logic
circuitry, located behind the hinged panel at
upper left of unit, and also will switch analog
circuit A, on page 6 of the logic circuitry.

The information displayed on the digital register
lamps will be a digital representation of the
analoé value placed into analog channel #1 at

the transmitting end. At the same time, the out-
put of the analog switch circuit A will be at an
analog value which will be the same, or with very
little error, as that of the analog input to
channel #1 at the transmitting end. If sub

commutated channel socket number 1 was patched



into say output Gate B, the waveform of Ch 1 will
switch the second digital register and its
column of monitor lamps, page 3, of logic
circuitry, and the register will display the
digital representation of the analog value which
is fed into analog Ch 1 at the transmitting end.
At the same time the output of analog switch
circuit B will have the same analog value as that
which was fed into Ch 1 at the transmitting end.
If you selected sub-commutated channel socket
number 2 and patched it into A or B, as above,
the result would be the same except that the
analog input to channel 2 (instead of channel 1)
at the transmitting end, would be displayed on
the digital monitor lamps and appear at the
analog output of the analog switching circuit.
Likewise, if any channel of the above section B2
is patched into the first six output gates, a
digital representation and an analog value will
be displayed for the inputs associated with the
number of the channel chosen above. Channel 1
input at transmitting end with channel 1 socket
waveform will display channel 1.

Channel 9 waveform will display input 9 of
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transmitting end.

If any one of the first four digital channel
sockets is patched into output gate A on the
bottom row, it would display the corresponding
digital input of the transmitting end, on the
digital monitor lamps, and an analog value of
that digital input would appear at the output

of the analog switch circuit A. The first four
digital channels have inputs at the transmitting
end only, so digital sockets 5, 6, 7 and 8 at

the receiving end are not used. Output gates G,
H, J, K drive only an analog switching circuit
and so will produce only an analog value and no
digital representation of the analog value. The
digital inputs at the transmitting end are namely:
RPM A assigned to digital input 1; RPM B assigned
to digital input 2; RPM C assigned to digital
input 3. Status conditions of the Remotec Control
are assighed to digital input F4. When any of
these inputs require monitoring, patch cords
between the appropriate sockets, of Digital 1, 2,
3, 4, would have to go to output gate sockets A
to F, except digital 4. It has to go to socket

"F", as the digital register and the lamp display
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operated by the use of socket F is the only
register to which the monitor lamp assemblies,
upper right front panel, are wired.

The super-commutation sockets as labelled (9 and
30) (10 and 31) (11 and 32) (12 and 33) (13 and
34) on the sloping panel are wired "OR"'s. If

we select (9 and 30) and patch it into output
gate A, the digital monitor would display a
digital representation of the analog value, and
the output of the analog switch circuit A would
be that of the analog input value feed into

input #9 at the transmitting end. This would
require a pin change in the patch panel of the
transmitting end, behind right side panel door.
The pin in the horizontal row in line with gating
waveform 30 would have to be moved over and
placed in the socket under the vertical column

9 of the gates for the channels.

The above operation causcs channcl #9 to bec
sampled at 2 times normal (200 samples per sccond)
which would be 400 samples per second. Likewisc,
if we patch (10 § 31) at the receiving end into
output gate B we would need to move (on the patch

panel at the transmitting end) the pin in the
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horizontal row, in line with gating waveform 31,
over and plug it into the vertical column under
channel #10. This would cause channel #10 input
to be sampled at 2 times normal or 400 samples
per second. Similarly, patching (11 & 32) at

the receiving end into output gate C would
require the pin, at the transmitting end, in the
horizontal row 32 to be moved and plugged into
the socket under the vertical column for channel
#11. This would cause channel #11 input to be
sampled 2 times normal or 400 samples per second.
Selecting (12 & 33) and patching 1t into output
gate D, would require, as above, moving the pin
in horizontal row 33 over and inserting 1t under
the vertical column for channel #12. Channel #12
is then sampled at 400 samples per second.
Selecting (13 & 34) and patching it into output
gate E would require moving the pin in horizontal
row 34 over and inserting it in vertical column
under channel #13. Channel 13 is then sampled

at 400 samples per second.

The above mentioned pin positions at the trans-
mitting end patch panel are the (red) coloured

dots on the diagram attached to the hinged door
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covering the patch panel. If the gating waveform
from the socket labelled 9 § 30 § 13 & 34 on the
sloping panel at the receiving end is patched
into output gate A, 3 pins would have to be moved
at the transmitting end patch panel. The pins in
horizontal rows 13, 30, and 34 would all have to
be moved to the left to the vertical column
labelled channel #9. This would cause channel

#9 to be sampled at four times normal or 800
samples per second. The above mentioned pin
positions at the transmitting end patch panel

are the green coloured dots on the diagram,
mounted on the hinged door.

For normal operation the pins are left in the
positions shown by the black dots on the diagram
on the door. During super commutation it is
obvious that where you combine waveforms to sample,
say, channel 9 four times the other channels
which would be sampled normally would not be
sampled now.

The second hinged door on the sloping panel
covers a 0 - 100 microampcrec meter, with a 10
turn 300 K potentiometer at the left of the

meter. This potentiometer is in series with a




15K resistor to the positive terminal of the meter.

The other terminal of the meter is to signal
ground. The movable arm of the potentiometer is
brought out to a lead, which can be plugged into
the various sockets on the right side of the
meter. The sockets are the voltage outputs of
the switched analog circuits and labelled A B C
DEFGHJKLM., L and M are spares for
future expansion.

The sockets labelled ladder and Zeltex are
connected to the points (see diagram on door)
which would monitor the output voltage of the
D/A ladder and the output of the Zeltex differ-
ential operational amplifier, model 132. The
operation to use the facility requires a little
explanation.

In the logic circuit unit behind the upper left
hinged door is switch #2 located on page 1,
labelled Normal (up) and Test (down), and on page
3 is switch #3, labelled Normal (up) and Hold
(down). Refer to the circuit diagram, "Trouble
shooting check points'". When SW#2 is in the
"Test Position'" and any channel waveform on the

patch panel is connected into output gate A, the
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digital representation of the analog value, which
is fed into that channel (transmitting end) will
be loaded into the left column digital hold
register and displayed on its monitor lamps.
Only this digital representation will be loaded
into the Digital-to-Analog buffer register, due
to the connection wired to pin 7 position 31
page 4, of logic circuitry, which is associated
with output gate A (only). So whatever channel
waveform is used, be it channel 1 or channel 2,
etc., 1t must be plugged into output gate A.

The information loaded into the registers will
be the input associated with that particular
channel number at the transmitting end. If we
had selected channel #1 into output gate A, the
information loaded would be that of the input of
channel #1. The rest of the channel inputs would
not be loaded. The digital contents of the D/A
buffer register will be converted to an analog
value and fed into the Zeltex Operational
Amplifier. It is at this point that the ladder
output can be checked by plugging the lead from
the meter into the socket labelled 'ladder".

Then the Zeltex amplifier can be checked by



plugging the meter lead into socket labelled

Zeltex. Since there is only one of the channels

being loaded into the D/A register, converted

and placed on the output 'bus' of the "op amp"

(Zeltex), and the other output gates B, C, D,

etc., may have a switching waveform patched to

their sockets, this value placed on the output

"bus" would appear at the output of each switched

analog circuit.

The loading of the above mentioned D/A buffer

register and its similarly loaded digital hold

register is being updated each time channel 1

waveform appears to output gate A, which is

about 25 times a second or every 40.960 milliseconds.
Recapitulating, we see that the meter

lead can be plugged into A, B, C, D, E, F, G,

H, J, K at any time to check the 10 analog out-

puts. However, if the ladder or the Zeltex are

to be checked we must first put SW2 in the test

or down position. This allows the D/A buflfler

register (the input to the ladder) to be loaded

with only the channel that is patched into the

gate of analog output A. In this position of SW2,

all the sockets to the right of the meter will
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read the same (the same as A). Putting SW2 in
the test position merely makes the D/A buffer
get loaded with the same thing as digital hold
register A.

SW#3 is intended to stop the updating of
all six digital hold registers. If SW3 is put
in down or hold position, at any time, the
registers will simply maintain their previous
contents.

If SW2 is put down first and then SW3 is
also put down the D/A buffer will of course also
stop being updated and will just hold its previous
contents wich will be the same as digital hold
register A.

If SW3 is put down first and then SW2 is
put down, the action here is indeterminate and
should be avoided.

The Zeltex op amp is located on page 6 of
the logic unit and has a 5K potentiometer in
parallel with 2.7K between its offsct input and
+ 15 volts. Any error between the output "bus' of
the ladder and the output "bus'" of the Zeltex unit

can be "offset" by adjusting the potentiometer (p3).
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(5)

(a)

(b)

Some features in the logic section (Refer to Plate 4)

Located behind the upper left hinged door of

the front panel is the logic section.

On page 1 at the bottom left corner is located
SW1l. This toggle switch just inserts an inverter
into the input digital stream, which comes from
the receiver. This makes an adjustment, if
necessary, in the polarity of the input signal
stream. If the input is high for a "1" and low
for a "0", by changing the switch the input to
this unit would be low for a "1" and high for a
"o,

At the bottom right corner of page 1 1s a slug
tuned transformer. This is part of the bit
timing recovery circuit. It is tuned to ring at
50 KHz when it is triggered by the transitions

in the input bit stream. It should not need any
further tuning.

At thce top of page 3 of this unit is a pancl with
sockets mounted on it. ‘These sockets are wired
in parallel with thosc of the sloping pancl

(previously described).

BNC monitor test point labelled channel Sync

(upper left side panel waveform monitor group) i
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is plugged into channel 1 socket but it could
be moved around to obtain an oscilloscope sync
pulse for the other channels.

(d) Located on this panel is switch #4 (SW4). It
controls the voltage to the digital register
display lamps. It is used mostly for circuit
checking when the equipment is being serviced.
It is usually left in off position (up) to

decrease the loading of the power supply.

(6) Features in the Power Supply Unit

(a) A Boxer fan is installed on the lower right side
panel of the unit. This cools the power supply
and logic circuit area. It is connected to the
main off/on switch of this demultiplexing unit.

(b) The Mallory mercury cell (1.35 volts RM 12R)
used as a reference cell in the regulator
circuit of the 5.12 volt reference supply should
be carefully maintained. Watch for any signs of
corrosion about the ends of the cell in contact
with the cell holder. Replace il found nccessary.

(c) In regard to the regulator circuit of the reference
supply there is a small 5K potcntiometer which
may be adjusted if the reference reading is not

5.120 volts as read on a good digital voltmeter.
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(7) Analog Output Terminals

Each of the ten switched analog circuit outputs
is brought out at two places. There 1s a ten
terminal barrier strip, located behind the hinged
door on the left side of the unit. These are
labelled A B C, etc., for analog outputs A, B,
etc. On the back panel of the unit are two
"Cannon'" connectors, each having 10 sockets.
Each analog output is brought to a connector
terminal, along with a signal ground return,
one for each output terminal, which is picked
up at the main signal ground tie point. The
top connector handles circuits A to E and the

bottom connector handles circuits F to K.

C. Monitor Indicators at the Receiving End of the
Telemetry Equipment '"Status of On/Off Commands"

"Telemetry Sync"

(Refer to Plate 1)

(1) Located on the upper right pancl of the
receiving end of the telemetry equipment is a
group of sixteen indicator assemblies. This
group is divided into four rows, with four
indicators to a row. The screen covering the
lamps of each indicator is divided horizontally

to give two horizontal sections. The lamps behind




(2)

the top section will cause that section of the
screen to glow with a green colour. The lamps
behind the lower section will cause that section
to glow with a red colour. The colour of the
lamps is due to coloured plastic caps over each
of the four lamps in the indicator assembly.

The lamps are G.E. #327, 28 volts at 40 mils.
each, Flange type T 1 3/4. The 28 volt source
power supply for the lamps is located behind

the panel, and is serviceable from the rear
panel of the unit. Top three rows of these
indicator assemblies can be turned "on/off" by

a switch, located at the extreme right side of
main meter and switch panel. The bottom row

is not switched, because that row monitors the
operational condition of the telemetry equipment.
Each section of the indicator assembly lamps 1is
driven on or off by two 2N 3904 transistors.
When the first transistor is turned "on" its
output turns the other transistor "off", and
when first transistor is turned "off" its output
turns the other transistor 'on'. An "on"
transistor returns one terminal of the lamp to

the low side of the 28 volt power supply and
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(3)

lights the lamp. The input of the first tran-
sistor driver for each of the eleven indicator
assemblies is connected to the number nine pin
output of eleven Motorola 790 flip-flops, which
make up a digital hold register. The hold
register is located in the upper left section on
page 4, column six, of the receiving end of the
telemetry equipment. Low volts at the output of
the flip-flops turns on the lower two lamps of
the assembly. A high output would turn on the
upper two lamps of the assembly.

The eleven indicator assemblies above are the two
upper rows and three assemblies of the third row.
The last of these eleven assemblies and the last
assembly in the third row are spares at the
present time. The first three assemblies of the
bottom row are used to monitor the timing of the
telemetry equipment.

The first on the left is connected to the buffer
inverter of the frame counter, position 6, pin 1,
page 2. This monitors the Major Frame Counter by
driving the upper and lower section lamps on and
off, approximately 25 times a second.

The second indicator assembly is connected to a



Motorola 790 flip-flop position 5 pin 13, page 2,
which in turn is connected to the clear pulse of
the frame counter. This monitors the Major Frame
Sync by driving the upper and lower section lamps
on and off approximately 12 times a second.

The third indicator assembly is connected to a
three bit counter made up of Motorola 790 flip-
flops, pin 8 location 4, page 2. The counter is
triggered from pin 10 location 37, page 2, which
is the clear pulse of the bit and word counters.
This monitors the Minor Frame Sync by driving the
upper and lower section lamps on and off approxi-
mately 25 times a second.

The fourth indicator assembly is a spare at this
time. The bottom row of indicator assemblies
does not have the colour caps on the lamps and
will just show a white screen colour. The first
two rows and first two units of the third row of
indicator assemblies have been assigned to

monitor different devices and the function of the
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device of a Remote Control System used to manoeuvre

model ships in a test basin (ERB 837). The devices

and functions are:
Motor A Times 2 Times 1

Motor A Go Stop
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(4)

()

Motor A Power On Power Off
Motor B Times 2 Times 1
Motor B Go Stop
Motor B Power On Power Off
Motor C Times 2 Times 1
Motor C Go : Stop
Motor C Power On Power Off
Rudder Power On Power Off

In order to dump the contents of the shift register
into the appropriate hold register which operates
these indicator assemblies, a patch cord is
required from digital channel socket #4 to out-

put gate F. These sockets are located under the
right side hinged door of the sloping panel. The
contents of the shift register were received, via
an R.F. 1link, from the transmitting end of the

telemetry equipment.

The input to the transmitting end unit is an
Amphenol 12 socket connector, located on the
upper part of the second section of the hinged
door, on the left side of the unit. A zero volt
input on any of the sockets of this connector at

this point of the circuit would turn on the

lamps of the lower section of the indicator asscmblics.



(6)
(a)

(b)

(c)
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Monitor Interface Unit (Refer to Plate 10)

This unit is used to route the status information
of the remote control devices to the telemetrv
equipment. The Remote Control equipment, at the
same time, is isolated from the telemetry equipment.
The status information of the Remote Control
equipment is at 0 volts, 3.6 volts, or 24 volts.
This is obtained from a unit of the Remote Control
system called "Relay Unit'. These relays are
operated by coded push buttons at the Control
Console. The appropriate connections are brought
out to an Amphenol connector on the relay unit,
and brought by a cable to the Amphenol connector
on the Monitor Interface Ulnit (see Block Diagram
of "Connections of Monitor Interface Unit Between
Remote Control and Telemetry Unit AF-12-134D).

The connector is located on the rear of the
interface chassis unit.

The monitor interface unit has eleven rotary
switches located under the hinged 1id.

Fach switch has seven positions availablc. At
this timec only number 1 position on cach switch

is used. The other positions arc for any futurc

points, which may require monitoring. The
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movable arm of each switch is connected through
an 8.2 K resistor to the base of a 2ZN3904 tran-
sistor (a separate transistor for each switch).

The voltage level of 0, 3.6 volts, or 24 volts

mentioned above, turns "on" or "off" the transistor.

The '"on'" or "off'" condition of the transistor in
turn operates a lamp in a Vactec VT6005 Unit.
The lamp of the Vactec unit is supplied by

3.6 volts from the remote control source. This
voltage into the interface unit came from the
relay unit by a cable, using a 5 terminal
Amphenol connector, to a connector located on
the left side of the chassis. This is the

point at which the isolation between the two
systems is maintained. The lamp "on' in the
Vactec unit causes a resistance change, in the
unit's output circuit, to go from 100 meg. (lamp
off condition) to 90 ohms.

This in turn changes the bias on another 2N3904

1

transistor causing it to turn "on" and its output
is 0 volts. This output is connectcd to one
terminal of an Amphenol connector, front of

chassis, which is then brought through a cable

to the input 12 socket Amphenol connector on the

—




second section of the hinged door on the left
side of the telemetry unit. There are eleven
identical circuits of the above description,

one for each switch. The voltage to operate

the transistor in the output circuit of the
Vactec unit is obtained from the transmitting
end of the telemetry equipment. This is brought
to the monitor interface unit by a 5 terminal
Amphenol connector, located on the front edge of
the chassis, and a cable from a 5 terminal
Amphenol connector, located on the right side
panel of the telemetry unit.

A 3.6 volt input to the selector switches will
end up lighting the lamps of the lower section
of the indicator assemblies, on the receiving
end of the telemetry.

Likewise 0 volts at the input to the switches
will end up lighting the lamps of the upper
section on the indicator assemblies.

The 3.6 volts reccived from the remote control

relay unit is switched on/off, at the relay unit.
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Procedure for Checking the Receiving End Waveforms

It is advisable to use a Tektronix Oscilloscope
type number 543 with a type CA PLUG IN UNIT to
check the following waveforms. Refer to Fig. 4
"WAVEFORMS FOR RECEIVING END OF THE TELEMETRY'".
Locate the group of 8 BNC connectors behind the
hinged door on the left side of the telemetry
receiving equipment. These connectors are
wired to monitor waveforms, FO, Frame Sync,
Correlator, B, Zeltex Output, Bit Timing,
Receiver, and Channel Sync, as seen on Fig. 4

"Waveforms for Receiving End of the Telemetry"

and waveform photographs. These photographs

were taken of equipment in a serviceable condition.

(1) Set the oscilloscope for external trigger +,
and AC FAST.

(2) Connect a cable from the BNC connector
labelled FO, to trigger input of the oscilloscope
and also to channel A of the '"plug in" unit of
the oscilloscope.

(3) Set mode switch to A.

(4) Set Volts/cm switch to 2 volts.

(5) Set sweep time/cm to 5 milliseconds.

(6) Adjust triggering level so that the sweep

will trigger on the leading edge of FO.




(7) Observe resulting waveform. It should look
like waveform FO on Fig. 4 '""Receiving end wave-
forms". Check the triggering point and measure
the time intervals.

(8) Leave external trigger and triggering
level the same for the rest of the procedure.
(9) Disconnect the cable attached to channel A
of the oscilloscope from the BNC connector
labelled FO and connect it to the BNC connector
labelled Frame Sync.

(10) Set sweep time/cm to 1 millisecond.

(11) Observe resulting waveform. Compare with
Frame Sync waveform on Fig. 4.

(12) Set sweep time/cm to 2 microseconds and
observe waveform. Compare to the waveform on
Fig. 4 labelled Frame Sync expanded.

(13) Remove the BNC connector from the Frame
Sync monitor point and connect it to the BNC
connector labelled Correlator Output.

(14) Set volts/cm to 5 volts.

(15) Set sweep time/cm to 1 millisecond.

(16) Observe and compare waveform to that
labelled Correlator Output of Fig. 4.

(17) Set sweep time/cm to 5 microseconds.
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(18) Observe and compare to waveform of Fig. 4
labelled Correlator Output expanded.

(19) Remove the BNC connector from the Correlator
Output monitor point and connect it to the BNC
connector labelled "B'",

(20) Set sweep time/cm to 1 millisecond.

(21) Set volts/cm to 2 volts.

(22) Observe and compare to waveform Fig. 4
labelled '"B'".

(23) Remove the BNC connector from "B'" monitor
point and connect it to Channel Sync.

(24) Set sweep time/cm to 5 milliseconds.

(25) Observe and compare to waveform Fig. 4
labelled Channel Sync.

(26) Set sweep time/cm to 0.1 milliseconds.
(27) Observe and compare to waveform Fig. 4
labelled Channel Sync expanded.

(28) Remove the BNC connector from Channel Sync
monitor point and connect it to the BNC connector
labelled Bit Timing.

(29) Set sweep time/cm to 10 microseconds.

(30) Set volt/cm to 2 volts.

(31) Observe and compare to waveform Fig. 4

labelled "Bit Timing'".
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(32) Remove the BNC connector from the Bit
Timing monitor point and connect it to the BNC
connector labelled Receiver (Rec.).

(33) Set the clock face dial potentiometer,
located behind the hinged panel on the left side
of the transmitting unit of the telemetry
equipment, to read 9.14 which when observed

on the left column of indicator lights,

located on page three, behind hinged door,
upper left of receiving end telemetry unit,
will read 111 01 00110 11. The first 10

lights show a digital representation of the
analog value of the setting of the above
potentiometer. The last two lights are a sign
and a parity bit. The indicator lights require
a patch cable to be connected between sub
commutated channel 1 and output gate A, located
behind hinged sloping panel of receiving end
unit. Output of the clock face dial potentiometer
is wired into the input of channel 1 at the
transmitting end equipment.

(34) Set the sweep time/cm to 50 microseconds.

(35) Set volt/cm to 5 volts.
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(36) Observe and compare to waveform Fig. 4
labelled Receiver Output, of channel 1. Notice
a small delay at first bit of 10 microseconds,
and also the first bit is 15 microseconds wide
if it is a "1". This is due to timing at the
transmitting end. The first ten bits of the
waveform, as mentioned above in regard to the
indicator lights, are the digital representation
of the analog value of the setting of the clock
face dial potentiometer at the transmitting end.
The next bit is a "1'" which is not used and
will always show as a '"l1" because the input to
that gate in the multiplexer, at the trans-
mitting end, is not connected and will show at
the receiving end as a light on or in the
transmitted bit stream as a '"l1". The next

three bits are "0'". These three bits are
assigned to indicate minor frame number, and in
this case the minor frame number is FO.

The 15th bit is a "1" and referred to as a

sign bit. It will show as a '"1' because,

again, the input to that gate in thc multi-
plexer, at the transmitting end, is not conneccted.

The 0 volts, at that point in the circuitry,




will show at the receiving end as a light "on"
or in the transmitted bit stream as a "1".

The 16th bit is referred to as a parity bit.
This bit is dependent on the preceding 15 bits.
If there is an even number of "1"'s preceding
the sixteenth bit a parity bit is '"put in" so
that there will be an odd number of "1"'s in
the transmitted bit stream. The next 10 bits

along the waveform are allotted to the digital
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representation of the analog value connected into

channel 9.

(37)'Remove the BNC connector from the Receiver
monitor point and connect it to the Zeltex
Output monitor point.

(38) Set sweep time/cm to 0.1 milliseconds.
(39) Set volts/cm to 2 volts.

(40) Observe and compare to waveform Fig. 4
labelled Zeltex Output.

Notice the first 320 microseconds of time. It
has the analog value, which is represcented by
the first ten bits of the f{rame sync pattern.
The first 10 bits are 1111000100. Converting

this to analog volts would be
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'"E Ref' 5.12 volts x [512(1)+256(1)+128(1)+64(1)+4(1)]

1024

- 5.12 x T%%% = 4.82 volts

The second 320 microseconds of time has the
analog value of the digital representation of

the value set into channel 1 by the clock face
dial potentiometer. The dial was set as
previously mentioned, at 9.14 turns and gave a
digital bit stream of 1110100110. This converted

into the analog voltage would be

5.12 x [512(1)+256(1)+128(1)+64(0)+32(1)+16(0)+8(0)
*4(1)+2(1)+1(0)]

1024

- 5.12 x 934

1074 = 4,670 volts

The third 320 microseconds of time has the
analog voltage that would appear if an input
was fed into channel 9 at the transmitting end.
The photograph of the Zeltex output shows a
casc where a staircasc generator was fed into
channel 9. The multi levels show the various
voltages of the staircase generator fed into

the channel.
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PART TII. Visual Meter Display

(1)

(2)

(3)

This rack of meters is to provide an instant
visual display of the analog outputs for the
ten circuits. (Refer to Plate 3)

Connections from the demultiplexer unit to the
meter rack is by two cables, each with a 10
pin male connector on one end, and a 10 socket
female connector on the other end.

The connectors are located on the left side of
the meter rack. The first connector from the
front of the rack handles meters labelled A to
E. (Top row and two of second row) The second
connector handles meters labelled F to K (the
remalning meters).

The connectors on the rack have their pins
connected to a Jones barrier strip, located
behind the meters, to serve as a junction for
the meter and recorder connections (banana
sockets). The input to the (+) plus side of
each meter is through a 5.6 K resistor in
series with a variable 50 K potentiometer.
This permits calibrating the meters, which

are 0 - 100 micro-amperes, to rcad full scale
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at 5.12 volts (reference voltage). The meters
indicate what percentage of the reference
voltage the monitored analog values are. The
adjustment of the 50K potentiometers is through
the small openings on the front panel, labelled
'"Meter Calibration Adjustment', and each meter,
potentiometer and analog circuit is indicated by
letters ABC .....K (omitting I). The group
of banana type sockets on the front panel are
also connected to the Jones barrier junction
strip. This provides a place to connect
external recording equipment. The "output"

of the sockets would be the same as what appears
on the meter display. Each vertical column of
sockets (one column for each analog output) has
four sockets, white, black, red, and yellow.
The white output socket is connected to the
high side of the analog output, and the black
socket to the low side of analog output. The
red socket is connected to the low side (black
socket). The yellow socket is not connected
for this installation. If a TI oscilloriter
recorder was attached to these outputs (see

diagram Meters-Visual Readout AF-12-129D) the



connections to the white and black sockets could
be interchanged to cause the pens on the recorder
to read to the right for a positive voltage or to
the left for a positive voltége. The connector
on the recorder is such that the recorder cable

shield is not connected to the meter rack.
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PART IV. Description of Test Results

A. (1) Tables I to.VI and Craphs

The following is a description of tables I to VI
and of graphs 1 to 12. The measurements were all made
with a Dymec Integrating Digital Voltmeter, model
DY-2401A with a reading accuracy of * 0.0001 volts. Some
of the telemetered quantities were transmitted at 25
samples per second and some at 200 samples per second.
Figure 7 indicates the labelling of the various measured
points at the receiving end. These measurements were
taken in the laboratory with the transmitting and
receiving equipment connected together by a co-axial

cable instead of by the usual radio link.

Table I shows results ot a test made on the telemetry
link to see how long the system will work when the trans-
mitting eﬁd is powered by two 12 volt-32 ampere-hour

lead acid batteries type 9LU-Prestolite. For this test
the protective diode 1in serics with the batterics was
shorted out. The receiving cquipment was connected
directly to the 117 volt 60 cycle line. The measurements
taken at the transmitting end were: 24 volt battery
Volfage, reference supply and a standard voltage socurce

consisting of 2 mercury cells in series. This standard
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voltage was telemetered on channel 17 at 25 samples per
second and also measured at the receiving end. The
reference supply at the .receiving end was also
measured. All these voltages, except the standard at the
transmitting end are plotted in graphs No. 1 to 10.
Graph No. 11 is merely a condensation of graphs 1 to 10.
The only points plotted in graph 11 are those obtained
after the equipment had been on for a few hours.

As can be seen trom table I or from the graphs,
the transmitting equipment works satisfactorily from
20 volts DC to 26 volts DC. Removing the short from
acrcss the protective diodes makes these figures 21
volts to 27 volts. The two 12 volt batteries can,
therefore, satistactorily power the transmitting
equipment for 29 hours of normal operation. If instcad
of using batteries the transmitting equipment is powered
from a 60 cycle source, satisfactory operation will

result from 96 to 130 volts

Table II shows the accuracy of the D/A network ot
resistors and switchcs. Tor this test, sWitch 2 was
put in the test position so that the D/A input buffer
register was only being loaded with channel one, the
clock faced potentiometer. The potentiometer was

only used as a means of loading a certain binary number
in the D/A buffer. This binary number was observed on

the digital register monitor lamps associated with
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analog output EA. A comparison is made between actual

D/A output E and the theoretical values calculated by

Z1
assuming a value of 5.120 volts for the reference supply
at the receiving end. As can be seen the error varies

from + 2.8 MV to - 3.2 MV,

Table III shows the effect of increasing the sampling

rate on the analog output E On channel 1, or at 25

B
samples per second the maximum error is -7.9 MV while
at 200 samples per second on channel 10 the maximum

error is -2.8 MV. There 1s thus an improvement of about

5 MV by increasing the sampling rate.

Table IV shows a binary number, going into the D/A
network, and its corresponding theoretical value based
on a reference supply of 5.120 volts. The resulting
D/A output and the 10 analog outputs L, to b at 25 and
200 samples per second are also shown. Switch 2 was in
test position so that the D/A buffer was only loaded

with channel 1 tor 25 samples per second or with channel

10 tor 200 samples per second.

Table V shows the effect of sampling rate on analog out-
puts FA and EB appearing in Table IV. This is done in

order to have a comparison between Ea and EB. Output

EAemploys an MC 1533 for output buffering while outputs
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I, to E,. employ MC 1433's for output buffering. The

B K

MC 1533 has a higher input impedance, so output EA
should not be aftected as much as EB by sampling ratec.
E

A improves by about 3.5 MV by increasing the sampling

- rate while E, improves by about 5.0 MV.

B
Table VI shows the drift with time 1n the two reference
supplies and in the analbg output EA as received on
channel 17. Graph No. 12 is a plot of Table VI.

The maximum drift in the reference supply at the
transmitting end is 5.1197-5.1162 volts or 3.5 MV,

The maximum drift in the reference supply at the
receiving end is 5.1216-5.1196 volts or 2.0 MV.

The maximum dritt of output IA is 2.6970-2.6900
volts or 7.0 MV. However, the input to channel 17
dropped by 1.2 MV during this time so that the real

drift in E, is only 7.0 - 1.2 or 5.8 MV.

A




TABLE I 79
Transmitting Equipment on Two 12V Batteries (9LU-32 AH-Prestolite)
Receiving Equipment on 115V-60 Cycles
DATE OPERATING BATTERY TX. END CHANNEL 17 REC _END
AND TIME ON VOLTS REFERENCE INPUT OUTPUT | REFERENCE
TIME BATTERIES [(NO SERIES SUPPLY 2 MERCURY| Ep SUPPLY
DIODE) CELLS 25 SPS
MAR 13
2:19PM 0:00 25.8 5.1120 2.6915 2.6902
2:23 0:04 25.1 5.1143 2.6926 2.6896
2:25 0:06 25.1 5.1147 2.6928 2.6895
2:31 0:12 25.17 5.1147 2.6932 2.6895
2:37 0:18 25.19 5.1143 2.6934 2.6896
2:44 0:25 25.2 5.1142 2.6935 2.6895
3:05 0:46 25.18 5.1134 2.6938 2.6896 5.1188
3:28 1:09 25.15 5.1139 2.6939 2.6895
3:45 1:26 25.12 5.1134 2.6941 2.6896
4:20 2:01 25.07 5.1129 2.6941 2.6897
4:25 2:06
MAR 16
9:03AM 2:06 24,83 5.1050 2.6955 2.6970 5.1202
9:15 2:18 24 .86 5.1072 2.6948 2.6956 5.1194
9:40 2:43 24 .84 5.1079 2.6947 2.6947
10:10 3:13 24 .81 5.1076 2.6946 2.6946 5.1189
10:55 3:58 24.76 5.1070 2.6945 2.6944 5.1193
11:15 4:18 24.73 5.1068 2.6944 2.6946 5.1193
11:26 4:29 24.71 5.1070 2.6944 2.6947 5.1193
12:00 5:03 24 .66 5.1069 2.6943 2.6947 5.1193
1:15PM 5:03
1:50 5:38 24.61 5.1055 2.6906 2.6898 5.1187
2:33 6:21 24 .55 5.1062 2.6919 2.6897 5.1186
3:10 6:58 24 .49 5.1060 2.6923 2.6915 5.1194
3:43 7:31 24 .44 5.1059 2.6924 2.6911 5.1186
4:32 8:20 24 .36 5.1059 2.6924 2.6928 5.1185
MAR 17
9:04AM 8:20
9:10 8:26 24 .27 5.1017 2.6947 2.6974 5.1203
9:33 8:49 24 .28 5.1048 2.6935 2.6947 5.1188
9:55 9:11 24 .24 5.1056 2.6935 2.6954 5.1188
10:25 9:41 24 .20 5.1057 2.6934 2.6950 5.1187
11:00 10:16 24 .14 5.1066 2.6933 2.6948 5.1186
12:00 11:16 24.05 5.1062 2.6933 2.6950 5.1181




80 TABLE I (Continued)
DATE OPERATING BATTERY TX. END CHANNEL 17 REC.END
AND TIME ON VOLTS REFERENCE INPUT ouTpPUT | REFERENCE
TIME BATTERIES| (NO SERIES SUPPLY 2 MERCURY EA SUPPLY
DIODE) CELLS

MAR 17

‘1:15PM 11:16

1:20 11:21 24 .03 5.1045 2.6935 2.6953 5.1190
1:50 11:51 23.98 5.1053 2.6932 2.6944 5.1186
2:35 12.36 23.90 5.1056 2.6930 2.6945 5.1187
3:05 13:06 23.86 5.1051 2.6930 2.6945 5.1191
4:25 14:26 23.73 5.1056 2.6929 2.6945 5.1192
MAR 18

8:55AM 14:26

9:04 14:35 23.69 5.1026 2.6936 2.6964 5.1208
9:10 14:41 23.68 5.1036 2.6935 2.6958 5.1205
9:22 14:53 23.6606 5.1042 2.6933 2.6956 5.1202
9:38 15:09 23.64 5.1045 2.6933 2.6954 5.1199
10:09 15:40 23.58 5.1049 2.6932 2.6949 5.1198
10:30 16:01 23.55 5.1050 2.6932 2.6949 5.1197
10:49 16:20 23.51 5.1052 2.6931 2.6949 5.1197
11:20 16:51 23.45 5.1052 2.6931 2.6950 5.1196
11:55 17:26 23.39 5.1054 2.6931 2.6949 5.1196
12:55PM 17:26 23.33 5.1012 2.6943 2.6975 5.1213
1:12 17:43 23.37 5.1046 2.6934 2.69061 5.1203
2:00 18:31 23.27 5.1058 2.6931 2.6944 5.1194
2:27 18:58 23.22 5.1058 2.6930 2.6942 5.1194
3:03 19:34 23.15 5.1058 2.6930 2.,6947 5.1194
4:05 20: 36 23.05 5.1059 2.6929 2.6940 5.1194
MAR 19

8:42AM 20:36 22.98 5.0992 2.6943 2.6980 5.1220
9:10 21:04 22.96 5.1039 2.6932 2.6957 5.1203
9:45 21:39 22.89 2.6949 5.1199
10:35 22:29 22.78 5.1044 2.6929 2.6950 5.1198
12:00 23:54 22.59 5.1052 2.6929 2.6948 5.1192
12:55PM 23.54 22.57 5.1017 2.6937 2.6972 5.1210
2:17 25:16 22,38 5.1054 2.6929 2.6947 5.1194
2:55 25:54 22.26

3:30 26:29 22.14 5.1048 2.6928 2.6954 5.1202
3:50 26:49 22.06 5.1052 2.6927 2.6946 5.1192
4:17 27:16 21.96 5.1053 2.6927 2.6947 5.1192




TABLE I (Concluded) 81
DATE OPERATING BATTERY TX. END CHANNEL 17 REC.END
AND TIME ON VOLTS REFERENCE INPUT OUTPUT|REFERENCE
TIME BATTERIES | (NO SERIES SUPPLY 2 MERCURY EA SUPPLY
DIODE) CELLS 25 SPS
MAR. 20
8:38AM 27:16
8:41 27:19 21.96 5.1000 2.6943 2.6976 5.1215
9:00 27:38 21.85 5.1042 2.6931 2.6957 5.1200
9:45 28:23 21.55 5.1048 2.6929 2.6949 5.1192
9:55 28:33 21.49
10:37 29:15 21.01 5.1050 2.6929 2.6947 5.1192
10:50 29:28 20.74 5.1045 2.6928 2.6948 5.1192
10:58 29:36 20.20 5.1024 2.6929 2.6951
11:00 29:38 20.07
11:02 29:40 19.97 Staircase output not O.K.
11:04 29:42 19.78
11:08 29:46 19.40 5.08+.01 2.708
11:10 29:48 19.20
11:14 29:52 18.90 5.06%.01 2.715
1l1:16 29:54 18.75
11:19 29:57 18.50
11:21 29:59 18.30
11:24 30:02 18.00
11:26 30:04 17.8 Output meters all wavering




TABLE II

CHECK OF D/A ACCURACY AT RECEIVING END AS PER
FIG. 10 REFERENCE SUPPLY=5.120 VOLTS (THEORETICAL)

D/A INPUT CODE
FROM D/A BUFFER

D/A OUTPUT (Egy)

ACTUAL THEOR— ERROR
SW 2 ON TEST VOLTS ETICAL MV
VOLTS

0000000O0O0O |+0.0010+.0002 0.000 +1.0
0001000000 0.3208+.0003 0.320 +0.8
0001000111 0.3552+.0002 0.355 +0.2
0001001000 0.3607+.0002 0.360 +0.7
0001001111 0.3953 0.395 +0.3
0001010000 0.4007+.0003 0.400 +0.7
0001011111 0.4751 0.475 +0.1
0001100000 0.4808 0.480 +0.8
0001111111 0.6352 0.635 +0.2
0010000000 0.6406%.0002 0.640 +0.6
0010000111 0.6751 0.675 +0.1
0010001000 0.6807+.0003 0.680 +0.7
0010001111 0.7151 0.715 +0.1
0010010000 0.7205 0.720 +0.5
0010011111 0.7951 0.795 +0.1
0010100000 0.8004 0.800 +0.4
0010111111 0.9552 0.955 +0.2
0011000000 0.9605 0.960 +0.5
001100011T1 0.9951 0.995 +0.1
0011001000 1.0003 1.000 +0.3
0011001111 1.0351 1.035 +0.1
0011010000 1.0406 1.040 +0.6
0011011111 1.1150%.0003 1.115 0.0
0011100000 1.1205 1.120 +0.5
0011111111 1.2756 1.275 +0.6
0100000000 1.2794 1.280 ~0.6
0100000111 1.3141 1.315 -0.9
0100001000 1.3195 1.320 ~0.5
0100001111 1.3543 1.355 -0.7
0100010000 1.3595 1.360 -0.5
0100011111 1.4345 1.435 -0.5
0100100000 1.439 1.440 ~0.4
0100111111 1.5945 1.595 -0.5




TABLL II (Continued)

CHECK OF D/A ACCURACY AT RECEIVING END AS PER
FIG. 10 REFERENCE SUPPLY=5,120 VOLTS (THEORETICAL)

D/A INPUT CODE
FROM D/A BUFFER

D/A OUTPUT (Egqp)

SW 2 ON TEST ACTUAL THEOR- ERROR
VOLTS ETICAL MV
VOLTS
0lolooo0oo0O00O0 1.5996 1.600 -0.4
0l01loo0o0111 1.6345 1.635 -0.5
0lo0oloolooO 1.6398 1.640 -0.2
0l1l01001111 1.6746 1.675 -0.4
0lololoooo 1.6798 1.680 -0.2
0101011111 1.7549 1.755 -0.1
0lo0l1llo000O00O0 1.7598 1.760 -0.2
0lo01111111 1.9150 1.915 0.0
0l1100000O00O 1.9197 1.920 -0.3
0lloooo1l1ll 1.9546 1.955 -0.4
0110001000 1.9597 1.960 -0.3
0lloool1l1ll1l 1.9947 1.995 -0.3
0110010000 1.9998 2.000 -0.2
0l10011111 2.0749 2.075 -0.1
0l1l10100000 2.0799 2,080 -0.1
0l10111111 2.2355 2.235 +0.5
0l1l11l1o0o000O00O0 2.2401 2.240 +0.1
0l11000111 2.2751 2.275 +0.1
0l11001000 2.2802 2.280 +0.2
0l11001111 2.3153 2.315 +0,3
00li1101l1lo00O00O0 2.3203 2.320 +0.3
0l11011111 2.3956 2.395 +0.6
0l11100000 2.4004 2.400 +0.4
0l1l11111111 2.5562 2.555 +1.2
100000O0COCOOQO 2.5625 2.560 +2.5
looooo0o011l1 2.5976 2.595 +2.6
loooo0oo01000O0 2.6026 2.600 +2.6
1000001111 2.6378 2.635 +2.8
1000010000 2.6427 2.640 +2.7
1000011111 2.7178 2,715 +2.8
1000100000 2.7225 2.720 +2.5
1000111111 2.8775 2.875 +2.5
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TABLL II (Continued)

CHECK OF D/A ACCURACY AT RECEIVING END AS PER
FIG. 10 REFERENCE SUPPLY=5.120 VOLTS (THEORETICAL)

D/A INPUT CODE

D/A OUTPUT (EZI)

FROM D/A BUFFER
SW 2 éN TEST ACTUAL g??gi; ERROR
VOLTS MV
VOLTS
1001000000 | 2.8821 2.880 +2.1
1001000111 | 2.9172 2.915 +2.2
1001001000 | 2.9222 2.920 +2.2
1001001111 | 2.9573 2.955 +2.3
1001010000 | 2.9621 2.960 +2.1
1001011111 | 3.0372 3.035 +2.2
1001100000 | 3.0420 3.040 +2.0
1001111111 | 3.1973 3.195 +2.3
1010000000 | 3.2010 3.200 +1.0
1010000111 | 3.2361 3.235 +1.1
1010001000 | 3.2412 3.240 +1.2
1010001111 | 3.2760 3.275 +1.0
1010010000 | 3.2811 3.280 +1.1
1010011111 | 3.3563 3.355 +1.3
1010100000 | 3.3609 3.360 +0.9
1010111111 | 3.5159 3.515 +0.9
1011000000 | 3.5205 3.520 +0.5
1011000111 | 3.5556 3.555 +0.6
1011001000 | 3.5606 3.560 +0.6
1011001111 | 3.5957 3.595 +0.7
1011010000 | 3.6004 3.600 +0.4
1011011111 | 3.6758 3.675 +0.8
1011100000 | 3.6804 3.680 +0.4
1011111111 | 3.8357 3.835 +0.7
1100000000 | 3.8389 3.840 -1.1
1100000111 | 3.8742 3.875 -0.8
1100001000 | 3.8791 3.880 ~0.9
1100001111 | 3.9142 3.915 -0.8
1100010000 | 3.9191 3.920 -0.9
1100011111 | 3.9944 3.995 -0.6
1100100000 | 3.999 4.000 ~1.0
1100111111 | 4.1543 4.155 ~0.7




TABLE II (Concluded)

CHECK OF D/A ACCURACY AT RECEIVING END AS PER
FIG. 10 REFERENCE SUPPLY=5.120 VOLTS (THEORETICAL)

D/A INPUT CODE D/A OUTPUT (E,.)
FROM D/A BUFFER
SW 2 ON TEST ACTUAL THEOR- ERROR
VOLTS ETICAL MV
VOLTS
1101000000 4.1586 4.160 -1.4
1101000111 4.1937 4.195 -1.3
1101001000 4.1986 4.200 -1.4
1101001111 4.2338 4,235 -1.2
1101010000 4.2385 4,240 -1.5
1101011111 4,3138 4,315 -1.2
1101100000 4.3184 4,320 -1.6
1101111111 4.4739 4.475 -1.1
1110000000 4.4773 4.480 -2.7
1110000111 4.5125 4.515 ~2.5
1110001000 4.5175 4.520 -2.5
1110001111 4.5526 4,555 -2.4
1110010000 4.5574 4.560 -2.6
1110011111 4.6326 4.635 -2.4
1110100000 4.6373 4.640 -2.7
1110111111 4.7927 4.795 -2.3
1111000000 4.7968 4.800 -3.2
1111000111 4.8320 4.835 -3.0
1111001000 4.8369 4.840 -3.1
1111001111 4.8721 4.875 -2.9
1111010000 4.8769 4.880 -3.1
1111011111 4.9523 4.955 -2.7
1111100000 4.9568 4,960 -3.2
1111111111 5.1126 5.115 -2.4
ACTUAL REFERENCE SUPPLY=5.1198 VOLTS
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TABLE IIT
EFFECT OF SAMPLING RATE ON EB (SEE FIG. 10)
INPUT CODE THEORETICAL ANALOG OUTPUT EB (MC 1433)
OUTPUT
VOLTS ACTUAL OUTPUT
CHANNEL 1--25_ SPS CHANNEL 10--200 SPS
VOLTS | ERROR (MV) VOLTS ERROR (MV)
00000O0O0CO0O0O 0.000 -0.0070 -7.0 -0.0020 -2.0
000100O0O0O0CO 0.320 +0.3131 -6.9 +0.3180 -2.0
00100000O0O 0.640 0.6330 -7.0 0.6380 -2.0
00110000O00O0 0.960 0.9532 -6.8 0.9580 -2.0
01 0000O0OOO0DO 1.280 1.2721 -7.9 1.2772 -2.8
01 010000O0O 1.600 1.5927 -7.3 1.5975 -2.5
011000000O00O 1.920 1.9127 -7.3 1.9177 -2.3
0111000000 2.240 2.2334 -6.6 2.2384 -1.6
1000000O0O0CO 2.560 2.5566 -3.4 2.5616 +1.6
10010000O00O 2.880 2.8762 -3.8 2.8810 +1.0
1010000000 3.200 3.1952 —4.8 3.2003 +0.3
1011000000 3.520 3.5149 -5.1 3.5200 0.0
11 000000O00O0 3.840 3.8338 -6.2 3.8388 -1.2
1101000000 4.160 4.1537 -6.3 4.1586 -1.4
1110000000 4.480 4.,4725 -7.5 4.4777 -2.3
1111000000 4.800 4,7924 -7.6 4.7974 -2.6
1111111111 5.115 5.1076 -7.4 5.1130 -2.0




TABLE IV

Measurements taken of 10 analog outputs and EZI

for comparison with the theoretical values

and E
na g

0

D/A
INPUT
CODE

THEOR~
ETICAL
OuTPUT
VOLTS

D/A
OUTPUT
(Eg1)
VOLTS

ZELTEX

OUTPUT
(Egp)
VOLTS

10 ACTUAL ANALOG OUTPUTS

MC1533

MC 1433

EA
VOLTS

Ep

VOLTS

E
C
VOLTS

E
D
VOLTS

E
E
VOLTS

E

F 8
VOLTS

E
G
VOLTS

E
H
VOLTS

E
J
VOLTS

E
K
VOLTS

0000000000
0010100000
0101000000
0111100000
1010000000
1100100000
1111000000

REFERENCE VOLTAGE

0.000
0.800
1.600
2.400
3.200
4.000
4,800

+.0013
0.8005
1.5994
2.4004
3.2011
3.9992
4.7972

{-.0002

0.7997
1.5992
2.4006
3.2019
4.0005

i4.7992
5.

1187 £

-.0034
0.7965
1.5960
2.3974
3.1987
3.9972
4.,7958

.0003

-.0062
0.7935
1.5931
2.3945
3.1956
3.9941
4.7925

-.0063

-.0075

0.7935 0.7923
1.5930i1.5918
2.3944'2.3931
3.1956%3.1943
3.9941{3.9928
4.792714.7913

-.0045
0.7952
1.5947
2.3962
3.1973
3.9959
4.,7944

-.0020
0.7979
1.5975
2.3989
3.2000
3.9986
4.7971

-.0076
0.7923
1.5917
2.3932
3.1943
3.9928
4,7914

-.0056
0.7942
1.5937
2.3952
3.1963
3.9949
4.7934

All the above readings are at 25 SPS on channel 1 with switch 2 in test position.

+.0028
0.8025
1.6020
2.4036
3.2047
4.,0031
4.8015

+.0029
0.8027
1.6020
2.4035
3.2048
4.0032
4.8017

All the readings below are at 200 SPS on channel 10 with

0000000000
0010100000
0101000000
0111100000
1010000000

1100100000
1111000000

REFERENCE VOLTAGE

0.000
0.800
1.600
2.400
3.200
4.000
4.800

+.0013
0.8009
1.6000
2.4007
3.2017
3.9999
t4.7978

5.

-.0002
0.8000
1.5996
2.4010
3.2026
4.0012

-.0002

—.OOl7i

0.7985!
1.5996|1.5981]
2.40092.3994
3.202413,2009°
4.0011 3.9996

0.7999

4.799714.7995]4.7981

1193 =

.0002

—.0015,—.0011

0.7986:0.7989
1.5982%1.5985
2.3995!2.3999
3.2011}{3.2015
3.9996 4.0000

4.798214.7986

switch 2 in test position.

-.0007
0.7994
1.5990

+.00041-.0025

0.8004}0.7976
1.600111.5972

2.4003'2.401512.3986

3.2019
4.,0005
4.7990

3.2030!3.2001
4.0016'3.9987
4.8001:4.7973

-.0006
0.7995
1.5992
2.4005
3.2020
4.0007
4,7992

+.0047
0.8048
1.6044
2.4057
3.2073
4.0057

+.0066
0.8066
1.6062
2.4076
3.2090
4.0076

4.804314.8060
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TABLE V
EFFECT OF SAMPLING RATE ON E, AND E_ (FROM TABLE IV)
THEOR- ACTUAL ANALOG ACTUAL ANALOG
D/A ETICAL OUTPUT E, (MC 1533) OUTPUT Ep (MC 1433)
INPUT
CODE 3SE;ET CHANNEL 1 CHANNEL 10 CHANNEL 1 CHANNEL 10
25 SPS 20C SPS 25 SPS 200 SPS

OUTPUT | ERROR | OUTPUT |ERROR || OUTPUT ERROR | OUTPUT ERROR
VOLTS MV VOLTS MV VOLTS MV VOLTS MV

0000000000 0.000 -0.0034| -3.4 | -0.0002| -0.2 || -0.0062 -6.2 | -0.0017 -1.7

0010100000 0.800 4+0.7965| -3.5 | +0.7999| -0.1 || +0.7935 -6.5| +0.7985 -1.5
0101000000 1.600 1.5960, -4.0 1.5996| -0.4 1.5931 -6.9 1.5981 -1.9
0111100000 2.400 2.3974| -2.6 2.4009f +0.9 2.3945 -5.5 2.3994 -0.6

1010000000 3.200 3.1987{ -1.3 3.2024| +2.4 3.1956 -4.4 3.2009 +0.9
1100100000 4.000 3.9972; -2.8 4.0011| +1.1 3.9941 -5.9 3.9996 -0.4

1111000000 4.800 4.7958| -4.2 4.7995| -0.5 4.7925 -7.5 4,798l -1.9




TABLE VI

DRIFT OF REFERENCE SUPPLIES
AND RECEIVED ANALOG SIGNAL EA

WITH TIME
TRANSMITTING END RECEIVING END
T IME REF. INPUT REF. OUTPUT
(VOLTS) CHAN. 17 (voLTs) EA(VOLTS)

10:47 5.1162 2.6963 5.1216 2.6970
10:53 5.1183 2.6959 5.1211 2.6925
11:00 5.1194 2.6956 5.1208 2.6916
11:00 2.6923
11:10 5.1196 2.6955 5.1204 2.6912
11:10 5.1197 5.1205 2.6906
11:20 5.1196 2.6954 5.1203 2.6907
11:20 5.1197 2.,6955 5.1204 2.6911
11:30 5.1196 2.6954 5.1201 2.6908
11:30 5.1195 2.6953 5.1202 2.6911
11:40 5.1194 2.6954 5.1202 2.6906
11:40 5.1193 2.6953 5.1201 2.6911
11:50 5.1192 2.6954 5.1200 2.6901
11:50 5.1193 2.6953 5.1201 2.6910
12:00 5.1187 2.6953 5.1200 2.6906
12:00 5.1188 2.6953 5.1201 2.6913
12:10 5.1185 2.6953 5.1200 2.6904
12:10 5.1184 2.6952 5.1199 2.6910
12:20 5.1181 2.6952 5.1200 2.6906
12:20 5.1182 2.6953 5.1200 2.6911
12:30 5.1179 2.6953 5.1198 2.6904
12:30 5.1180 2.6952 5.1199 2.6910
12:40 5.1180 2.6953 5.1199 2.6908
12:40 5.1180 2.6952 2.6903
12:50 5.1178 2.6952 5.1199 2.6905
12:50 5.1179 2.6952 5.1198 2.6910
1:00 5.1178 2.6952 5.1197 2.6909
1:00 5.1180 2.6953 5.1198 2.6906
1:10 5.1179 2.6951 5.1196 2.6900
1l:10 5.1179 2.6952 5.1197 2.6908
1:20 5.1179 2.6952 5.1197 2.6907
1:20 5.1178 2.6951 5.1198 2.6912
1:30 5.1178 2.6952 5.1197 2.6904
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GRAPHS
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Graph 4 Test of TX Equipment on Two 12V Batteries (9 LU, 32 Ampere—Hrs, Prestolite)
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All the following recordings were made on a Texas
Instrument Oscilloriter, Model No. P2CBH-HAZ2-HA2

Recordings

All the recordings wecre made on a Texas
Instrument oscilloriter model no. PZCBH-HAZ-HAZ. The
recordings shown are:

(1) The analog staircase test signal at the

transmitting end before multiplexing into the

A/D. On the same pagc the staircase is shown

as received on channel 2 at 25 SPS and on

channel 9 at 200 SPS for comparison (recording

#1) .

(2) The staircase as reccived on all 34 channels

(only one at a time) (recording #2-10).

(3) The transient response of output amplifier

A as received on channel 17 at 25 SPS. This 1is

actually the response of the complete system

but the charging of the holding capacitor on
the input ot the amplifier causes by far the
most delay. For this recording the input to
channel 17 was quickly changed from zero volts

to 2.693 volts (recording #10).

10
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APPENDIX C

LIST OF WAVEFORM PHOTOGRAPHS

Transmitting End

Waveform FO

Waveform "A"

Waveform ''a'

Waveform U

Waveform, Shift Pulses

Waveform, Modulation Output, Frame Sync Pattern

Waveform, Modulation Output Channel 1

Receiving End

Waveform, Receiver Output

Waveform, Receiver Output Channel 1

Waveform, Bit Timing

Waveform, Channel Sync No. 1

(a)
(b)
(a)
(b)

Waveform EO
Waveform "B'
Waveform Correlator

Waveform Frame Sync

Waveform Zeltex Output
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TRANSMITTING END OF TELEMETRY

Waveform FO.

Showing

two intervals.

-

INTERVAL Fg

Scope external trigger, leading

edge of Fy waveform.

HORIZ.
SWEEP
SPEED

5 msec/cm

VERT.

DEFL.
SENS.

2 v/cm.
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TRANSMITTING END OF TELEMETRY

Waveform A

Showing (Top) Three intervals of A

— — o ewe - w—

(Bottom) “A” Interval expanded.

THREE INTERVALS OF "A"

-

~

11

<

ONE INTER\iﬁL EXPANDED

e T

L

Scope external trigger, leading
edge of F( waveform.

HORIZ. VERT.
SWEEP DEFL.
SPEED SENS.

(Top) 1 msec/cm. 2v/cm.
(Bottom) 50 usec/cm.2 v/cm.
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TRANSMITTING END OF TELEMETRY

$6,, 99

Waveform ““a

Showing (Top) two intervals of “a”

Showing (Bottom) one interval expanded

4 Al

a Il

INTERVAL OF "a" EXPANDED

3 |
|

Scope external trigger, leading

edge of Fo waveform

HORIZ
SWEEP
SPEED

(Top) 50 usec/cm
(Bottom) 5 usec/cm

VERT
DEFL.
SENS.

2v/cm

2 v/em

T
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TRANSMITTING END OF TELEMETRY

Waveform U
Showing (Top) Two intervals of U
Showing (Bottom) U interval expanded

Scope external trigger, leading
edge of Fy waveform.

e HORIZ. VERT.

S o2 S U e DOUT SO SWEEP DEFL.
= ' ' SPEED SENS.
(Top) 1 msec/cm 2v/cm

(Bottom) 100 psec/cm 2 v/cm

TWO INTERVALS OF U

w
-+ Y

ONE INTERVAL OF U EXPANDED

1 4 [
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TRANSMITTING END OF TELEMETRY

Shift Pulses Waveform

Length of pulse 5 usec.

Inter pulse period 20 usec.

FIVE SHIFT PULSES

E ~ 7 ) )
N I N I S N |
i —» je— spus

S S

Scope external trigger, leading

edge of Fy waveform.

HORIZ. VERT.
SWEEP DEFL.
SPEED SENS.

10 usec/cm 2 v/cm




C-1
TRANSMITTING END OF TELEMETRY
Modulation OQutput Waveform

for frame sync. pattern

shifted out during waveform U

Scope external trigger leading
edge of Fo waveform.

HORIZ. VERT.
SWEEP DEFL.
SPEED SENS.

100 usec/cm 2 v/em

Frame Sync. Pattern

1111 000100110100

8 one’s , 8 zero’s

000 followed by same pattern.

ll]llu.

|\ A J
v v~

( 2ND FRAME SYNC PATTERN
IST FRAME SYNC PATTERN

INTERVAL U
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TRANSMITTING END OF TELEMETRY

Modulation Output Waveform,

Showing Channel 1 which follows immediately after the end of bottom waveform U.

Waveform is digital representation of analog value of test potentiometer setting. It

shows 1110100110 in first ten bits of interval, followed by a one (not used) then

three zero’s for frame number, followed by two one’s for sign, and parity.

Scope external trigger, leading

T e e T . |
_j __:_ = L ” _[_ __'__ _, _ %.___ s _l : edge of Fy waveform.
|

SWEEP DEFL.

+FF——_

SPEED SENS.

200 usec/cm 2 v/cm

CHANNEL i

CH 34

FRAME SYNC
PATTERNS ,—/

nn___ ¢ A nnn

— - ——

CHANNEL 9

CHANNEL 10
CHANNEL 11

lt 11 SIGN & PARITY BIT
000 MINOR FR. %
I (NOT USED)
oLsS8
— i
00
10 BITS

|
0
(Ms8) I
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RECEIVING END OF TELEMETRY

Waveform of Receiver Output

Showing Channels 1, 9, 10, showing digital representation of analog value of
test potentiometer in Channel 1, which is 111010011 0.

Using first ten bits, then a one bit (not used), then three zero’s, frame number,

then two one’s for sign and parity bit.

Scope external trigger leading
edge of F waveform

HORIZ. VERT.
SWEEP DEFL.
SPEED SENS.

100 usec/cm 2 v/em

I 1)

CHANNEL CHANNEL CHANNEL
[ 9 10
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RECEIVING END OF TELEMETRY

Waveform of Receiver Output
Showing Channel 1 with test potentiometer at input set to give digital representation

of 1110100110 as previous photograph

Scope external trigger leading
edge of Fy

HORIZ,
SWEEP
SPEED

Adj. to position

Channel 1 over 8 cm (320 usec)

L""—"-_I_

M

4 L—— SIGN & PARITY BIT
000 MINOR FRAME NUMBER FOR Fo
“1" (NOT USED)
5uS DELAY (LsB) O
1

8 5.5 OFF OF

FIRST BITIF A " |

00

o
L (MSB) i1
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RECEIVING END OF TELEMETRY

Waveform showing Bit Timing

HORIZ.
SWEEP
SPEED

10 usec/cm

|
|
]
|
1
f
|
|

Scope external trigger from
leading edge of F( waveform

VERT.
DEFL.
SENS.

2 v/cm
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RECEIVING END OF TELEMETRY

Waveform of Channel Sync. 1
Showing two intervals (Top)

Showing interval expanded (Bottom)

TWO INTERVALS OF CHANNEL SYNGC #I

/\

Il

ONE INTERVAL OF CHANNEL #1 EXPANDED

4
] L

— le— 320 us

Scope external trigger leading
edge of F waveform

HORIZ. VERT.
SWEEP DEFL.
SPEED SENS.

(Top) 5 msec/cm 2 v/cm

(Bottom) 100 usec/cm 2 v/cm
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RECEIVING END OF TELEMETRY

Waveform showing Fq (Top)

Waveform showing B (Bottom)

SWEEP
SPEED

1 msec/cm

- BACK EDGE OF Fo

I—'l__. BACK EDGE OF B

Waveform B

HORIZ.
SWEEP
SPEED

Smsec/cm

HORIZ.

Scope external trigger leading
edge of Fy waveform

VERT.
DEFL.
SENS.

2v/cm

Waveform Fq (Top)
(Bottom)

VERT.
DEFL.
SENS.

2v/em

TWO INTERVALS OF FO WITH B
SHOWING RELATIONSHIP OF BACK
EDGE OF Fo AND BACK EDGE OF 8
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RECEIVING END OF TELEMETRY

Waveform showing Correlator (Top)

Waveform showing frame Sync. (Bottom)

4

External trigger leading edge Fo

SWEEP VERT.
DEFL.

SPEED SENS.
5 usec/cm 2 v/cm

20us [o—

~-———SECOND CORRELATOR OUTPUT PULSE

- le-2pus
[[]~——FRAME SYNC PULSE 8 xS AFTER LEADING EDGE OF CORRELATOR

————————

SECOND PULSE

Correlator (Top)
Frame Sync. (Bottom)

SWEEP VERT.
SPEED DEFL.
SENS.

1 msec/cm 1 v/cm (Top)

2 v/cm (Bottom)

n_

m:—an CORR.PULSE n.l:t'z CORR.PULSES er--Z CORR. PULSES RELATIONSHIP OF
H

' 2nd CORRELATOR
n n FRAME SYNC PULSE TO FRAME

; : PULSE SYNC PULSE
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RECEIVING END OF TELEMETRY

(First 320 psec) Showing analog representation of second section of Frame Sync. Pattern
(Second 320 usec) Showing analog representation of received digital word in Channel 1

(Third, 320 usec) Showing changing analog values representing the digitized values

Channel 9 . .
received from staircase generator.

Scope external trigger leading
edge of F waveform

HORIZ. VERT.
SWEEP DEFL.
SPEED SENS.

100 psec/cm 2 v/cm

I 5-115 VOLTS

EACH STEP IS 1/8 VALUE
OF "E" REF 5-12 VOLTS

|
1
—
¥
1
|
|
I
|
|
{
—
1
!
|
1

0
t OUTPUT OF CHANNEL 9
STAIRCASE GENERATOR
AT INPUT
A\
OUTPUT OF CHANNEL |
ANALOG VALUE OF TEST POTENTIOMETER
SECOND FRAME SYNC AT INPUT
PATTERN DIAL SETTING 9:14

DIGITAL REP. 1110100110
ANALOG VOLTS 4:-670




W

© o0 =N O U >

10

12
13
14

D-1

APPENDIX D

LIST OF PLATES

Front view of receiving end
Angular view of receiving end

Front view of meter rack and output connectors to
paper recorders

Front view of receiving end logic section open
R.p. m. transducer assembly

Transmitter unit

Angular view of transmitting end

Receiver unit

Interior of transmitter unit

Monitor interface unit

Angular view of transmitting end
Interior view of transmitter unit

Right side view of transmitting end

Wavemeter and detector unit



Plate 2 Angular view of receiving end
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Plate 3 Front view of meter rack and Plate 4 Front view of receiving end logic
output connectors to paper recorders section open
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Plate 5 R.p.m. transducer assembly

Plate 7 Angular view of transmitting end ‘ Plate 8 Receiver unit




Plate 11 Angular view of transmitting end

>

ALY

NANNAN

Plate 12 Interior view of transmitter unit
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Plate 13 Right side view of transmitting end

Plate 14 Wavemeter and detector unit



