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ABSTRACT

Meteorological and oceanographic information is frequently
required from critical areas where routine environmental obser-
vations are either not made or can be made only at considerable
expense and time. As part of a continuing program to develop
environmental telemetering equipment for obtaining data from
remote or inaccessible regions, a code and sequencing system
has been developed.

This system includes an analog-to-digital converter which
employs a cyclic Morse-code number system. This number sys-
tem eliminates all possibility of ambiguity as the output changes
from any digit to any other digit. The code and sequencing sys-
tem consists of a multiplexer, encoder, and parallel-to-serial
code converter. The system translates the resistance of trans-
ducer elements to Morse code; its output is a contact closure at
a rate of 17 words per minute. The information is in the form of
three-letter groups. The first letter identifies the information
channel. The second and third letters provide the transducer
readout which will be one of 196 possible two-character words.

PROBLEM STATUS
This is an interim report on one phase of the problem; work
is continuing on this and other phases.
AUTHORIZATION

NRL Problem A03-11
Project FASS 00-006,/652-1/F003-02-04

Manuscript submitted March 6, 1964.
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CODE AND SEQUENCING SYSTEM FOR e
AUTOMATIC WEATHER STATIONS w

INTRODUCTION

The need for global weather information has continued to increase in importance
over the past ten years. This growing need for complete coverage puts a strain on the
current manual methods of gathering environmental data. To meet this increased de-
mand for more data economically, with the higher level of accuracy currently required,
the Navy has embarked on a program to develop automatic observing systems.

As this program has progressed, a number of approaches to the problem of gather-
ing and making available meteorological and oceanographic information automatically
have been pursued. Some of these have been: store the data and physically retrieve the
records periodically for review, store the data and collect it via land line on a schedule
or on command, collect and transmit data automatically on schedule by radio telemetry,
or collect and store data and then transmit by radio telemetry when commanded by a
radio signal.

Various scientists have worked in the field previously, but the coding and telemetry
system have been of secondary interest to them. Each of the coding and telemetry sys-
tems used has been different and was developed only to the degree necessary for the in-
dividual experiment. Based on a review of these coding and telemetry systems, the
principles used in the telemetry portion of the AN/GMT-1(XG-1) (1,2) offered the most
promising concepts. Therefore, they have served as a point of departure for the devel-
opment of the present device. The Morse-code message format used was chosen because
it is reasonably economical of power, has adequate resolution, can be monitored either
manually or automatically, and is compatible with existing major communication sys-
tems. The equipment described hereafter has been designed and developed to give the
scientist a proven device with a high degree of versatility. This will relieve him of the
necessity for the engineering of an important portion of the telemetry system.

THE CODE AND SEQUENCING SYSTEM

The code and sequencing system (NRL drawing D3437, Appendix A) consists of two
essentially separate electromechanical units (see Fig. 1 and the block diagram, Fig. 2)
as follows:

1. The code-generator, call, sequencing, and clock-switch unit (NRL drawing D3441,
Appendix B).

2. The code-selector unit (NRL drawing D3703, Appendix C).

These units are presently electrically connected and housed in a common container.
There are three connections to the system; two of these make the necessary connections
to operate the telemeter, and the third brings out leads for checkout and calibration
purposes.

When the clock hour-hand wiper grounds A or B circuit, it closes the clock relay
(Fig. 3). This energizes a 30-sec time-delay relay, giving the tubes in the telemeter
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Fig. 1 - Code and sequencing system

time to warm up. At the expiration of this 30 sec, the internal programming system is
activated and controls the equipment for the next 71 sec. During this time it generates a
specific set of call letters, identifies the channels, samples five variables, and selects
the corresponding code for each variable (Fig. 4). It operates the keying relay in the
transmitter to communicate this information in Morse code by means of radio. Finally,
this system turns off the telemeter and itself so that it is synchronized properly for the
next transmission.

The system is designed to accommodate either 0 to 2000 ohm elements or 2500 to
4500 ohm sensing elements. The electrical requirements for these elements are de-
scribed in the bridge-circuit section of this report. This system will accommodate a
variety of transducer elements when the appropriate signal-conditioning equipment is
used. A typical response is shown in Fig. 5.

The code-generator, call, sequencing, and clock-switch unit is turned on by the
time-delay relay. The motor on this unit turns a call and code drum at 17 rpm for 20
revolutions, a sequencing or multiplexer drum at 0.85 rpm for one revolution, and a
clock-switch drum at 0.2125 rpm for 1/4 revolution. A clock-switch vernier is also
used and is directly connected to the call and code drum. For the first five revolutions
of the call and code drum, the call portion of this drum is connected to the keying relay,
and the station transmits its assigned call letters once per revolution as a three-digit
Morse-code group. For the last 15 revolutions, the information section of the drum is
connected, and the station transmits Morse-code letters which identify a meteorological
variable and give its value. The information is given as a three-letter group, formed in
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Fig. 3 -~ Clock-circuit schematic

CLOCK SWITCH VERNIER
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20:1
GEAR RATIO(PD -~
1

GEAR RATIO 8 - —
w2 Nl s

CLOCK SWITCH DRUM

$-233
Transmission Sequence
Order of Transmission Times Repeated | Time On in Min.
Warm-up 1 1/2
1 Call 5 5/17
2 Channel - B 3 3/17
3 Channel - V 3 3/11
4 Chamnel - T 3 3/17
5 Channel - S 3 3/11
6 Channel - U 3 3/117
Average Time Station On - 1 Min. 40 Sec.
Average Time Transmitting - 1 Min. 10 Sec.

Fig. 4 - Program of system and transmission sequence

one revolution, and each group is repeated three times. This allows the measurement of
five different variables.

The transfer from call to information is made by the sequencing drum. This drum
also selects the first letter of an information group and so provides an identification of
the variable being measured. At the same time it connects the appropriate sensor to the
measuring circuit, and turns on the code selector to make the measurement. After four
seconds the servo system is turned off, so that no change in value is possible during
readout. The preceding action is repeated for each of the five information groups. When
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the last information has been transmitted, the station is turned off in a manner that will
enable it to respond to a contact made to the alternate clock circuit. This is accom-
plished by the clock-switch drum and the associated vernier drum.

When the code selector is turned on by the sequence drum, the servo motor drives a
balance potentiometer to a position where its resistance equals that of the sensor. The
motor shaft is also geared to a shaft-position encoder which selects the second and third
letters of the information group. The second letter is the coarse or most significant
letter; the third is the fine or least significant letter. Each letter may have 14 values,
giving a total of 196 possibilities. No ambiguity is possible at any value, and the me-
chanical accuracy is one-fifth of a fine letter or better. Balance is accomplished in 1.2
seconds.

THE CODE-GENERATOR, CALL, SEQUENCING, AND
CLOCK-SWITCH UNIT

The code-generator, call, sequencing, and clock-switch unit (NRL drawing D3441,
Appendix B) has three commutators (Figs. 6, 7): (a) clock-switch vernier, call, and code
drum, S-231, (b) sequencing drum, S-232, and (c) clock-switch drum, S-233. These
drums are driven through a gear train by a 12-v dc governed motor whose output shaft
rotates at 24 rpm. This motor is lubricated for a temperature range of -55°C to +71°C

CODE DRUM
S-231

BRUSH
HOLDER .

SEQUENCING
DRUM
5-232

CLOCK SWITCH DRUM
$-233

Fig. 6 - Code-generator, call, sequencing,
and clock-switch unit
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and requires less than 280 milliamperes to run. The unit is designed so that the motor
can be readily removed without disturbing any associated parts.

The Clock-Switch Vernier, Call, and Code Drum

The clock-switch vernier, call, and code drum has three sections, all insulated from
ground (Fig. 8). This drum revolves at a rate of 17 rpm and turns 20 revolutions for one
sequence of events. There are three sets of brushes (referred to as 1, 2, and 3) which
contact this drum. These are spaced around the circumference of the drum so that there
is 90 degrees between sets 1 and 2, 90 degrees between sets 2 and 3, and 180 degrees
between sets 3 and 1. This results in a three-letter code group and a one-letter space
formed by each revolution of the drum.

CHANNEL
CALL IDENTIFIER
CODE CODE

I—H
™ FIRST LETTER
S A 7 BRUSH HOLDER
é BVT s U @

1

S _THIRD LETTER
b BRUSH HOLDER
INFORMATION CODE COMMON

M

INFORMATION CODE GENERATED
BY SECOND & THIRD BRUSH

INFORMATION CODE COMMON

CLOCK RELAY COIL

}CLOCK SWITCH VERNIER
GROUND

Fig. 8 - Clock-switch vernier, call,
and code drum

To make the code, a one-inch-diameter drum is used. All the drums are designed
so that they can be made either by machining or by photo-etching processes. To machine
the drum, metal is cut away except for the contact areas; then the cut-away area is filled
with nonconducting plastic, giving the brushes something to run on between the conduct-
ing areas. On the code drum, the bits and spaces are equal; this makes a bit 7 degrees
30 minutes long, a space 7 degrees 30 minutes long, and a dash, which is three bits,

22 degrees 30 minutes long. This results in a convenient set of dimensions to work with
on the one-inch-diameter drum; the bits are 0.065 + 0.002 in. long and the spaces are
0.065 + 0.002 in. long. This makes it convenient to fabricate with conventional machine
tools when the end mill is set up with its center line corresponding to that of the drum.

When the drum is turning at 17 rpm, a bit holds the keying relay down for 73 milli-
seconds. The key-down time is slightly longer than key-up time, due to the fact that the
length of contact on the brush is added to the bit. This comes about because the brush
touches the bit on one edge and leaves it on the other (Fig. 9).
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B R The wear is kept to a minimum by electro-

B e BRUSH = plating the brushes with 0.00005 to 0.00010 in.
rhodium. The bits will become longer after the

system has been in service for a long time.
BRUSH From experience so far, this would be in ex-
cess of 60,000 revolutions of the code drum,
equal to two years' service of an equipment
with five variables transmitting every six
hours. The unit will need periodic checking
and overhauling. For this reason, the unit is
designed so that brush changing is quite simple.

The clock-switch vernier section on this
drum is in parallel with the clock-switch drum.
It acts as a precise switch to stop the system
the following turn of this drum after the clock-
switch drum breaks its contact to circuit A or
B. This synchronizes the system properly for

3 the next transmission. Its two brushes are
located on brush holder 3, with one connected
SeRvLLIOM BRASS W el to the clock-relay coil and the other to ground.
COPPER
(b) The call-code section on this drum gener-
ates the call that identifies an individual telem-
Fig. 9 - Details of code drum eter. The call, assigned the system by the
and brush project engineer, is made by the brushes

grounding bits (thereby closing the keying re-

lay) as the drum passes. The call can be
selected from a chart (Fig. 10) which shows the 260 calls assigned to the Automatic Sys-
tems Section of NRL. As the chart shows, 188 of these can be made by this mechanism.
There are three call brushes wiping this drum, and they are located on brush holder 1.
The common brush is grounded, and the other two are connected to the call-selector
section of the sequence drum. The call is repeated five times during five revolutions of
the drum.

The call code is made in three-letter groups, the first being a letter, the second a
number, and the third a letter. To design call-code segments, the same geometry is
used as for the information-code drum; that is, a dash equals three bits, spaces within
letters equal one bit, and spaces between letters equal three bits.

The channel identifier and information code section of this drum has three sets of
brushes contacting the drum, as previously described. Since there are three sets of
brushes, three letters are made for each revolution of the drum. To send the informa-
tion, this drum turns 15 revolutions, three revolutions for each channel, resulting in
three repeats of the information. The end "common-ring' brushes connect to the keying-
relay coil through the sequence drum call or information section. Code is made as the
bits on the drum pass a wiper that is grounded by the channel identifier on the sequence
drum or the code-selector wipers in the encoder. The first letter identifies the channel
with five brushes in brush holder 1, connecting to the sequence drum. These are
grounded independently in order to identify the five channels. These letters are B—wind
direction, V—wind speed, T—air temperature, S—low pressure, and U—high pressure.
The next two letters represent the quantitative information and are the second (coarse
letter) and third (fine letter), with seven brushes each connected to the two commutators
in the encoder. The encoder has two double-pronged radial displaced wipers. Each of
these wipers grounds the appropriate brush lead or pair of brush leads from brush
holders 2 or 3 on this drum to make the code selected for a particular variable (Fig. 11).
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First Second Letter Third
Letter 1 9 3 4 5 6 7 8 9 Letter
N X | X X X | X | x | X X A
N X X X X X X B
N X X X X X C
N X X | x X X | X X X | X D
N X X X X X X X X X X E
N X X X X X X X F
N X X X X X X X G
N X X X X X X X X X H
N X X X X X X X X X X I
N X X X J
N X X X X X X X K
N X X X X X X X L
N X X X X X X X X X M
N X | X X | X | X X | X X X | X N
N X X X X X o
N X X X X X P
N X X X Q
N X X X X X X X X X R
N X X X X X X X X X X S
N X X X X X X X X X X T
N X X X X X X X X X U
N X X X X X X X \'
N X X X X X X X w’
N X X X X X X
N X X X Y

N X X X X X Z

Calls that are possible are indicated by . Of the 260 calls that are assigned to
NRL by CNO, Code OP943F, the call-letter chart shows the 188 that can be formed by
the call-letter section of S$-231 drum. Additional calls not assigned to NRL for
automatic weather-station use can be formed by changing the first letter, using aletter
rather than a number for the second letter, or by interchanging the orders of the char-
acters making up the call,

Fig. 10 - Call-letter chart
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Fig. 11 - Code made by grounding
brush leads

The Sequence Drum

The sequencing drum is essentially a multiplexer that performs several functions
(Fig. 12). It turns one revolution for a sequence of events while the code drum turns 20
revolutions. The call is connected for 90 degrees, and the information is connected for
270 degrees; this drum switches the lead from the keying relay to accomplish this. In
addition, three other operations are performed by this drum: (a) every revolution of the
code drum connects to ground the brushes from brush holder 1 on the code drum to iden-
tify the channel of weather information being transmitted, (b) it connects the proper
weather-transducer resistance element to ground, thereby placing it in the "unknown"
leg of the bridge circuit, and (c) it applies voltage to the bridge circuit and bridge am-
plifier for four seconds as each transducer is connected. The last is accomplished by
grounding the bridge-relay coil. The bridge amplifier is not allowed to stay on for the
entire ten seconds each channel is connected, because four seconds is adequate time for
the servo motor to balance (in fact, this is about twice the time normally needed). This
makes it desirable to cut the amplifier and bridge off so that once the transducer has
been sampled and its value encoded, slight hunting will not change the characters during
readout. Further advantages are that this arrangement saves power and reduces heating
in the transducer elements.

Clock-Switch Drum

The clock-switch drum turns one-fourth revolution for one revolution of the se-
quencing drum (Fig. 13). It has three brushes on one brush holder, with the center brush,
common to alternate circuits A and B, connected to the clock-relay coil in parallel with
the clock-switching vernier. The other two brushes are connected to the clock printed-
circuit contacts A and B respectively, where they are grounded as the clock wiper on the
hour hand passes. The drum is insulated from ground and is made so that it alternately
connects A and B to the clock-relay coil. The drum is made so that the circuits are
connected for a little less than one-fourth of a revolution, thereby allowing the clock-
switch vernier to turn off the system. When the drum interrupts one circuit (A, for
instance), it has already connected the other circuit (B) in order that the clock may turn
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Fig. 12 - Sequencing drum (S-232)
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Fig. 13 - Clock-switch drum (5-233)
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the system on when the hour-hand wiper grounds the B circuit. The clock hour-hand
wiper has to remain connected to ground for a minimum of 100 sec. There is no limit
on how long it remains closed, provided it is interrupted before the next circuit is made.
A nominal clock hour-hand wiper connection is 14 + 1 min for the system as it is
presently designed; however, when a shorter contact duration is mandatory a latching
relay is added to the circuit to accommeodate this.

Drum and Brush Design

When manufacturing these drums by the machining process, the procedure required
on the clock-switch vernier, call, and code drum should be the same as described ear-
lier; however, the machinery system adapted for the sequence drum and clock-switch
drum was to set one edge of the end mill to correspond with the center line of the drum
to achieve the accuracy desired and reduce manufacturing cost.

The drums are designed as smooth cylinders to give the highest degree of code ac-
curacy and long life. They are machined from commercial brass and flash nickel plated;
then the sections are aligned and the unit potted with ceramic-filled epoxy plastic. -After
casting, the drums are cured four hours at 50°C, then rough turned and ground to a fin-
ish of 16 microinches rms. This is followed by electroplating rhodium on nickel. The
nickel plate is 0.00025 to 0.00050 in. thick, and the rhodium plate is 0.00005 to .00010 in.
thick. The drums are checked dimensionally, then tested for run-out, finish, and conti-
nuity before they are assembled; they remain stable at low temperatures,-and have not
shown any effect from low-temperature exposure.

The brushes (Fig. 9) have a rating of 200 milliamperes at 12 v dc. They are assem-
bled with 15 to 25 grams contact pressure on the drums. Each drum is wiped with DC5
compound to control the freezing of condensation on the drum's surface. The brushes
are each precisely aligned in the brush holders, and the assembly is installed to give
the required initial contact pressure. The drums are synchronized with the aid of a
testing and synchronizing unit; then the drums and gears are pinned to the shafts.

CODE-SELECTOR UNIT

The code-selector unit described in NRL drawing D3703 (Appendix C) and shown in
Fig. 14 contains the shaft-position encoder, balancing (servo-drive) motor, and the bal-
ancing potentiometer. This unit makes up part of an integrated code-selection system
(Fig. 15) for automatic weather stations. This system is an analog-to-digital converter
and employs a cyclic Morse-code number system. It consists of a multiplexer, a bridge
circuit, a signal amplifier, a balancing motor with appropriate gearing, and an encoder.
To understand fully the operation of this code-selector unit, the system and the associ-
ated components in the loop will be described briefly.

This system translates the resistance of five weather transducer elements to Morse
code; it has an output of a contact closure at a rate of 17 words per minute in three-
letter groups. The encoder contacts have a rating of 200 milliamperes at 14 v dc. The
multiplexer connects each transducer in turn to a self-balancing Wheatstone bridge,
which is utilized as the resistance-measuring device. The resistance of each transducer
is connected in the "unknown' leg of the bridge circuit. The "known' leg of the bridge
circuit contains the balancing potentiometer. This potentiometer is driven in the proper
direction by the two-phase, servo-type motor through an appropriate gear train until a
null occurs in the bridge circuit. At the same time the encoder is positioned; this per-
mits the simultaneous measurement of the "unknown'' and the encoding of its value. An
amplifier is employed to operate the servo motor from the bridge signal. The potenti-
ometer position at null is linearly proportional to the bridge input resistance.
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Fig. 14 - Code-selector unit, two views
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Fig. 15 - Block diagram of code-selector unit and associated components
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Code Selection

The encoder shaft position is converted to Morse code by the location of two brushes
on each side of the two commutators (Fig. 16). One character is selected by these wipers
from each commutator. The brushes rotate with the brush shaft for one commutator
connected by gears to that for the other commutator, so that the least significant digit
passes through a complete cycle for each value of the most significant digit. Fourteen
Morse-code characters are utilized in the system. Successive code is generated by a
single contact change to make a new value. Further, the change in value of the most
significant character occurs at a time when the least significant character is not chang-
ing. With this arrangement no ambiguities are possible. This technique has a distinct
advantage, and is believed to be the most advanced in this field of encoding.

COARSE CHARACTER
POTENTIOMETER

<

et FINE CHARACTER
COMMUTATOR

PRINTED
CIRCUIT

Fig. 16 - Encoder, printed circuits, brush
assembly, and gear train

The circuit is arranged so that the grounded commutator segment is utilized as the
output. This output is in the form of contact closures between a common ground and 14
output leads. Seven of these leads are used for the least significant digit, and seven for
the most significant digit. A digit may be made by a single closure to one of these leads
or by closures to two leads. In the latter case, the possible combinations are restricted
to seven specific pairs. Each digit then may have 14 values, seven made by connecting
one of seven wires to a common and seven made by connecting two consecutive wires to
the common. These leads are connected to the code-drum brushes; this allows the key-
ing relay to be actuated as the Morse-code pattern on the drum is rotated past these
brushes (Fig. 17).

Code Generation

The code-drum or serial readout (described under the code-generator, call, se-
quencing and clock-switching unit) converts the output of the encoder to real-time Morse
code. It does this by means of seven brushes for each digit. The surface of the drum on
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,

2z

3rd LETTER

L\\ S-252

D

1

KEYING
RELAY

||HII|'|'P—F

CHANNEL
CALL INFORMATION IDENTIFIER
B B B
Ist LETTER 2nd LETTER 3rd LETTER
CHANNEL INFORMATION

Fig. 17 - Keying circuit for typical transmission

which each brush rides is configured to generate a discrete Morse character when the
drum is revolved. This provides seven values for this digit corresponding to the seven
outputs of the encoder which are one-wire closures. By properly selecting and phasing
two Morse characters on the drum surface, and connecting both simultaneously, a third
character may be formed (Fig. 11). It is by this process that the additional seven values
are provided corresponding to the two-wire outputs of the encoder.

The digital output from this unit is 14 different Morse characters formed for the
least significant digit and the same for the most significant digit, giving a total of 196
two-character pairs (Fig. 18). These two characters make up the second, or coarse,
letter and the third, or fine, letter on each channel of the weather information.

Bridge Circuit

The Wheatstone bridge (Fig. 19) is used to measure the resistance of the transducer
element. The bridge operates on 115 v, 115 eps, and requires a current of approximately
16 milliamperes. The bridge has an output impedance of about 7500 ohms and generates
a signal of not more than 12 volts into an open circuit.
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*1gst letter channel identification

2nd letter (S-251)
r 3rd letter (S-252)

HI
Stop
I I T I vV I B I U I N I S
I A|TA|VA B A U A|NA|S
I T T T | VT BT UT|NT S
IW|TW| VW | BW | UW|NW/|S
1V T Vv |VYV BV UV | NV |S
I K| T K| VK B K U K|{NK|S
I B T B | VB B B U B | NB/|S
I G T G| VG |BG UG|NG ]S
1 U | TU |VU B U U U | NU|S
IM|{TM|VM|BM U M| NM|S
I N T N | VN BN UN|NN|S
I D|TD VD B D U D|[ND|S
I8 T S vV S B S U S N S s
1 H| TH|VH | BH UH|NH|S
AH|WH|KH G H M H | DH H
A S W 8 K S G S M S D S H
AD|WDI!KD G D M D | DD H
AN |WN|KN G N M N DN H
AM|WM|KM|GM | MM|DM| H
AU | WU KU G U M U DU H
AG|WG|KG |GG M G|[DG | H
AB|WDBIJKRB G B M B | DB H
AK| WK KK |GK MK | DK | H
AV | WV | KV |GV MYV | DV | H
AW WW|KW{GW ]| MW|DW|H
AT | WT | KT GT M T DT H
AA|WA|KA)|GA MA | DA | H
Al w I K I G I M I DI H
I

—=—— Change-over point

Mg Z2 QW R< S AR~

—<—— Change-over point

~PHE<RTOCZZO 0T

I

Change-over point
Stop

*First letter channel identification is selected by sequencing drum (S-232).

Fig. 18 - Letter combinations made. This code mechanism is capable
of selecting for transmission a total of 196 letter combinations.

The bridge circuit consists basically of two fixed legs and two variable legs. The
variable legs are composed of fixed resistors in series with variable resistors. The
combined resistance of the fixed resistor and the variable resistance of the weather
transducer in that leg should be equal to the combined resistance of the fixed resistor

and the balancing potentiometer in the adjacent leg.

The fixed resistors in the variable legs have a temperature coefficient of 0.002 per-
cent per degree Centigrade, as do the fixed legs of the bridge. Their values were chosen
to limit the current through the transducer element to 14 milliamperes, as well as to

accommodate two varieties of transducer elements.
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BRIDGE AMPLIFIER

|
>

I MEG
10,0008 %.1% 10,0008 %.1%
TC 0.002%/°C TC 0.002% /°C
1,500Q%.1% 4,000+ 1% 115V 4,0000% 1%
TC 0.002%/°C TC 0.002%/°C TC 0.002%/°C

TEMPERATURE TYPICAL BALANCING
ELEMENT ELEMENT POTENTIOMETER
4,000Q *109 2,0009 =% 2,0400 £ 1%
TC 0.5%/°C TC 0.06%/°C AT 310° ROTATION

TC 0.06%/°C
AT 25°C

AT 25°C /%/ AT 25°C

SEQUENCING DRUM ENCODER SERVO MOTOR
$-232

Fig, 19 - Bridge-circuit schematic

The system is designed to accommodate either 0 to 2000 ohm elements or 2500 to
4500 ohm elements, and it may be adapted for use with other inputs by appropriate
signal-conditioning equipment. A 4000-ohm +0.1 percent resistor with a temperature
coefficient of 0.002 percent per degree Centigrade is used in series with 0 to 2000 ohm
+1 percent elements, which are usually in the form of a wirewound potentiometer with a
temperature coefficient of 0.06 percent per degree Centigrade. With these elements,
this leg of the bridge will vary from 4,000 ohms to 6,020 ohms. A 1500-ohm 0.1 per-
cent resistor with a temperature coefficient of 0.002 percent per degree Centigrade is
used in series with a 2500 to 4500 ohm element. This is usually in the form of a re-
sistance element that is sensitive to temperature. A typical value is 4000 ohms +1/4
percent at 25°C with a temperature coefficient of 0.5 + 0.005 percent per degree centi-
grade. With such an element, this leg of the bridge will vary from 4000 ohms to 6020
ohms over a temperature range of -58°F to +124°F.

The variable resistance of each transducer element is connected into the "unknown"
leg of the bridge by the sequence drum, or multiplexer, in proper order as the station
operates. Where the elements, except for the temperature element, are used in the
proximity of the system, the temperature coefficient of the element should be matched to
the balancing potentiometer to minimize the temperature correction needed. Where the
transducers are used away from the system, a reference temperature element located
with the remote transducers should be placed in one channel to provide a reference from
which to make the necessary temperature corrections.

ATIT IT P OUT
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The fixed resistor in series with the balancing potentiometer in the other leg of the
bridge circuit is 4,000 ohms +0.1 percent with a temperature coefficient of 0.002 percent
per degree Centigrade. This potentiometer is located in the code-selector unit, and is
driven by the gear train of the encoder. This is a rotary type potentiometer with syn-
chro type mounting for ease of adjustment. Its resistance is 2040 ohms :1 percent at
25°C with a temperature coefficient of 0.06 percent per degree Centigrade; this resist-
ance covers 310 degrees rotation of the shaft; the mechanical rotation is unlimited. This
potentiometer has a 1-percent linearity, and a resolution of better than one part in one
thousand over this region. The life expectancy of the unit is believed to be in excess of
1,000,000 balancing operations. Considering half of them to be in each direction, this
corresponds to a continuous operating life of over 100 years in a system of five channels
operating four times per day. The resistance of this potentiometer is varied by the gear
train to match the resistance of the "unknown' leg of the bridge. This leg of the bridge
will vary from 4,000 ohms to at least 6,020 ohms, for the lowest value the balance poten-
tiometer can have, 2020 ohms, and will match the highest value the transducers canhave.
This combination will match the full range of the transducer to the full range of the en-
coder, 196 characters. Should both potentiometers vary in the opposite sense to the
tolerance limit, the full range of the transducer will be encoded in 188 characters. This
gives about ten ohms resistance and about five wire turns on the potentiometer for each
of the 196 characters encoded.

When the balance potentiometer is driven to zero to match a low resistance in a
transducer element or a shorted transducer element, the encoder gear train may en-
counter the mechanical stop, and will balance, in most instances, not more than one
character from the stop. On the other hand, when the potentiometer is driven to a high
value of resistance to match a high-resistance transducer, or an open circuit in a trans-
ducer element, the encoder gear train may again encounter the mechanical stop. For-
merly, scattered readings of several characters in this region would indicate an open
circuit. Now, under these conditions, hunting and pitch-off by the stop (when the ampli-
fier is deenergized) are kept to a minimum by connecting the potentiometer tap located
at the high end to the movable arm.

In order to insure that the resistors in the bridge circuit vary in the same direction
and magnitude over the temperature operating range of the station, one must adhere to
the resistance tolerances and temperature coefficients indicated in Fig. 19.

Bridge Amplifier

The bridge amplifier is one unit of the servomechanism system. Other units are an
error detector and servo motor.

The error detector is the Wheatstone bridge circuit, which converts the difference
between the input potentiometer and the balance potentiometer to a voltage signal. Its
output impedance varies from 7,000 to 8,000 ohms, depending on the value of the varia-
ble. Since the functions of this bridge circuit have been described in an earlier para-
graph, they will not be repeated here.

The electronic bridge amplifier converts the bridge signal to a form capable of
driving the servo motor. This bridge amplifier consists of two resistance-coupled
stages (Fig. 20). The first stage employs a 12AU6 pentode voltage amplifier tube whose
grid receives the output signal from the bridge circuit. The grid resistor for the 12AU6
is one megohm, and this is substantially the input impedance of the amplifier. This
stage amplifies the input signal to the level required to drive the power stage.
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INPUT o—

== , T-40

AAA
VW

1
0047uF

| MEG

AA

047uF

4 PHASE SHIFTING
25K CAPACITOR
10w

L OUTPUT

TO SERVO MOTOR
+1av CONTROL PHASE

ar APPLIES DC TO
MOTOR FOR DAMPING

Fig. 20 - Bridge-amplifier schematic

The second, or power, stage employs a 12AQ5 beam-power output tube. The plate of
this tube is coupled to the control field of the servo motor through an output transformer.
This transformer is used to match the impedance of the 12AQ5 tube to that of the servo
motor control field.

The 115 v at 115 cps applied to the bridge circuit, and to one field of the two-phase
servo motor, are derived from the same source. Therefore, to operate the two-phase
servo motor, the voltage applied to the control field from the output transformer has to
have a phase shift of 90 electrical degrees with respect to the applied source. This is
accomplished with a phase-shifting 0.47-uf capacitor in series with the output trans-
former.

To keep hunting to a minimum, some direct current (in the order of 14 milliam-
peres) is allowed to flow through the control winding of the servo motor, providing a
degree of magnetic damping. This current flows from the B+ to the control field of the
servo motor, after the phase-shifting capacitor, through a 25,000-ohm, 10-watt resistor.

The bridge voltage, servo-motor voltage, and the B+ voltage to the amplifier are
applied by the bridge relay. The heaters of the tubes are energized when the station is
turned on, and remain energized as long as the station is on. This bridge relay, con-
trolled by the sequence drum, energizes these circuits for 3.9 sec for each variable.
This is adequate time for the bridge to balance. The circuit on time is limited to 3.9 sec
to keep the encoder from possibly varying characters during transmission, to conserve
power, and to minimize heating of the transducers.

A signal of 20 millivolts is required to drive the servo motor. A change of two
ohms in the variable leg is sufficient unbalance in the bridge circuit to cause the motor
to move. The motor rotates the balance potentiometer through a gear train in the proper
direction to balance the bridge circuit, thus reducing the voltage applied to the grid of
the 12AU6 tube to near zero. The servo motor simultaneously encodes the weather
variable.
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Encoder

The encoder converts the position of the balance potentiometer shaft to Morse code.
The fine-character-brush shaft is driven by the servo motor through a gear ratio of
about 7 to 1. In turn, this shaft drives the coarse-character-brush shaft through a 7.2
to 1 gear ratio. Finally, the balancing potentiometer is driven through an 8 to 9 gear
ratio by the coarse-character shaft (Fig. 21).

260 TEETH
90 TEETH

POTENTIOMETER

<~ TERMINALS

“E\

COARSE CHARACTER
COMMUTATOR WIPER

COMMON CONTACT

— - %so TEETH
=
STOP | ] | moTeeH
FINE CHARACTER S
COMMUTATOR WIPER\E U SERVO MOTOR
e

s

COMMON CONTACT

TERMINALS

36 TEETH u:é

CLUTCH 24 TEETH

Fig. 21 - Encoder gear train

The potentiometer position is converted to cyclic Morse code from the locations of
the two brushes on the commutators. The digital output of this encoder is 196 two-
character words (Fig. 18).

The encoder has two commutator patterns on one side of a piece of flat, etched cir-
cuit material. Epoxy-glass plastic double printed circuit material is used for the basic
encoder (Fig. 16). The contacts are flush pressed, and the surfaces are rhodium plated
to give a smooth, oxide-free surface. Each commutator pattern has two radially dis-
placed segment tracks with connecting links to a row of terminals. During manufacture,
the wiped edges of the commutators are controlled to +15 min to assure accurate, re-
producible code.

The second, or coarse-letter, pattern contains seven segments of equal length;
space has been allowed for the stop. The brush on this commutator turns nearly one
revolution, and in the process forms 14 characters with a code progression of I, A, T,
W, V, K, B, G, U, M, N, D, S, and H. The third, or fine-letter, pattern contains 28
equal spaces, occupied by one or two of 13 segments. The brush on this commutator
turns seven revolutions, and in the process forms 14 characters for each half revolution.
The cyclic feature of the number system is formed by this brush; its code progression is
I, A, T, W,V,K,B,G, U, M, N, D, S,H,H,S,D, N, M, U, G, B, K, V, W, T, A L.
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A basic problem in obtaining precise readout from all shaft-position encoders is
that of ambiguity at the change between successive values. The problem is particularly
acute if two digits are required to change value simultaneously. The object of the cyclic
feature of this system is to eliminate all possibility of ambiguity at the coarse-character
changeover points (Fig. 22). The design of the commutator and the gear train is such
that the coarse character changes value when the fine letter is in the middle of the
double-width letters I or H. Thus, as the coarse-letter brush approaches a change
point, the fine letter encoded will be an I (or H) for 107 min of arc before the change
point, and will remain I {(or H) for 107 min of arc after the change point. Thereby, the
change in the coarse letter is associated with an unvarying fine letter for two quanta.
This results in unambiguous code. Manufacturing tolerances limit the maximum error
to 1/5 of one least count when the coarse letter changes value. When the fine letter
changes value, the error is less than 1/50 of one least count.

The gear on the coarse-letter shaft has a pin (parallel to the shaft) riveted into it.
This pin engages a spring-wire stop that is attached to the frame. The spring-wire stop
is adjustable and must be locked in place after the unit is synchronized. Should the pin
be inadvertently forced past the stop, the fine-letter and coarse-letter shafts will be out
of synchronism. They may be resynchronized by reversing the procedure, but the align-
ment and calibration should be rechecked.

The sliding wipers are made of round wire 0.020 in. diameter, resulting in an ap-
preciable wear in the contact area when the brushes are new. During life testing this

FINE
LETTERS
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wear is stabilized after 2,000 balances; this is equal to 2,000 revolutions on the coarse
letter and 14,000 revolutions on the fine letter shafts. To make sure the encoder would
perform with the highest degree of accuracy, provisions were made to cope with this
wear. To do this, the edges of segments of the commutators where characters are
changed were set back 0.005 in. to allow for the average flat worn on the sliding wipers
during their life. To make sure all the wipers have flats, each unit is run-in for 15 min
in each direction (stop removed), equal to 2000 balances (normally 400 transmissions of
five variables), before adjustments are made. This also assures running-in of the gears
and bushings. For motor connections, see the section on the motor in a later paragraph.

Each commutator is wiped by a grounded brush that has two radially positioned slid-
ing contacts. These contacts are rhodium plated to assure a low-resistance, long-
wearing, oxide-free wiper. The geometry of the brush design combined with the selec-
tion of a suitable material and appropriate contact pressure contribute to the accurate
encoding and long life of the unit (Fig. 23). When the two wipers of one brush contact
only one segment of the code pattern, a character is generated which corresponds to this
segment; when these two wipers contact separate segments on each track of the code
pattern, each generates a letter simultaneously. This results in a third character gen-
erated from the overlapping of the two letters corresponding to the two segments (Fig.
11). With this arrangement of bridging segments, 14 Morse-code characters can be
made with seven fundamental characters.

To utilize the output from this encoder, the segments of the coarse-letter code pat-
tern are wired to the code-generator brush holder 2, and the segments of the fine-letter
code pattern are wired to the code-generator brush holder 3.

When the sliding wiper grounds segments of either track on the commutator, the 12-v
dc keying relay coil (with suitable contact protection) is connected to ground through the
code drum. This keys the transmitter, sending out the characters encoded (Fig. 17).

COARSE CHARACTER COARSE BRUSH
COMMUTATOR WITH TWO WIPERS

STOP

FINE CHARACTER FINE BRUSH
COMMUTATOR WITH TWO WIPERS

Fig. 23 - Encoder brush and stop assembly
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Other factors entering into the accuracy of the encoded characters are the gears and
bearings in the gear train. To a great degree the accuracy of the gears determines the
accuracy of the code as much as the encoder itself. For this reason, aluminum and
stainless steel precision gears are used throughout the unit. The use of aluminum for
the large gears also helps to reduce the inertia of the system. The supporting shafts are
made of stainless steel and run in oilite bearings, purged in low-temperature instrument
oil,

The response of the converter is 1.2 sec, or 6 millisec per character, with a slight
increase at lower temperatures and lower voltages. The mechanical accuracy of the
shaft-positioning encoder is better than 0.1 percent. This much error can occur only at
14 values; at all the other values the accuracy is considerably better. The accuracy of
the gear train and potentiometer are compatible with the above accuracy.

Servo Motor

The servo motor is located in the encoder. It is a size 18 induction type motor with
an impedance of 3200 ohms on each phase. The resistance of each phase is 2160 ochms.
The motor is rated 3450 rpm (no load) at 115 v, 60 cps; the speed is increased when it is
used on 115 cps. The motor used is made by Kollsman Motor Corporation as part No.
951-0161. This motor is furnished with the drive gear and is lubricated for low-
temperature use. The motor is modified to have a servo mounting ring so it will be
simple to install and service.

The unit is run in 15 min in each direction by connecting this motor to 115 v ac at
60 cps (Fig. 24). To do this, the stop is removed and a small amount of lubricant is ap-
plied to the printed-circuit commutator in the path of the wipers. After run-in the unit
is cleaned, inspected, and prepared for service. Just prior to placing the covers on the
unit and sealing it, a thin coat of DC-5 compound is wiped on the printed circuit in the
path of the wipers to control the freezing of condensation in this area.

REVERSING
SWITCH
PHASE |

-q
OFF GREEN

115V  60CPS
Fig. 24 - Servo motor run-in schematic

YELLOW PHASE 2
BLACK GRAY
I
0.6uF

SERVICE EXPERIENCE

A number of these units have been manufactured and tested in the Laboratory and in
the field in telemetering equipment with satisfactory results.

Ten units of the present design have been manufactured in accordance with the engi-
neering drawings and quality-control procedures in Appendixes A, B, and C. The alloca-
tion of the units has been as follows:
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Unit
(Serial No.) Current Status
0 Used in laboratory evaluation.
1 In Navy Environmental Telemeter (NET) 101, in use in Antarctica since
December 1962.
2 In Navy Environmental Telemeter (NET) 102, in use in Antarctica since
October 1963.
3 In Navy Environmental Telemeter (NET) 103, retained at NRL as proto-
type model.
4 To be used in converting AN/GMT-1(XG-1) NAFI serial no. 1 to NET
configuration.
5 To be used in converting AN/GMT-1(XG-1) NAFI serial no. 6 to NET
configuration.
100 For use in a new telemeter now in the preliminary development stage.
101 For use in a new telemeter now in the preliminary development stage.
200 Used to adapt one AN/SMT-1(XN-2) for oceanographic studies.
201 Used to adapt one AN/SMT-1(XN-2) for oceanographic studies.

Technical reports from the field commands on the operation of this unit in the Navy
Environmental Telemeters have been published (3,4).

CONCLUSIONS

As part of a continuing program to develop means for obtaining data from remote or
inaccessible regions, a code and sequencing system has been developed to use with envi-
ronmental telemetering equipments. This system has been designed to give the scientist
or engineer a unit that will accommodate a resistance input of either 0 to 2000 ohms or
2500 to 4500 ohms, and provide an output in the form of Morse code in three-letter
groups. The first letter identifies one of the five channels of information, and the second
and third letters make one of 196 possible letter combinations which provide the infor-
mation. The output of 196 available combinations has proved adequate to match the
resolution of the most critical environmental transducers.

The most important design considerations of the system were as follows:

Weight

Compactness

Low power consumption

Fast response

Wide range of operating temperatures

All essential parts accessible for inspection or adjustment
Components located for convenient wiring and cabling

O ~I B Ul B W DN =

Maximum unattended service life.
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An extensive study and test program has resulted in a system designed for ease of fab-
rication, quality control, and alignment, as well as for reliable trouble-free service.

The system will accommodate a variety of transducer elements as it is now designed
and may be adapted to other elements when a special range with higher resolution or
more accuracy is desired. If the system is used in a manner other than as described in
the text of this report, the new use should be backed up with appropriate study and test-
ing of the instrument under the new conditions.

There is no equipment known to the authors that will perform the functions of this
system in an environmental telemeter with all possibility of ambiguity in the output, at
the change between successive values eliminated. During test and evaluation, the output
code sent from the system has remained very distinct and uniform. To date there has
not been a single component failure or part alignment requiring adjustment. It seems
certain that this system or portions of this system will be used by research groups and
engineers in meteorological and oceanological telemetering equipment.
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APPENDIX A

CODE AND SEQUENCING SYSTEM

FOR AUTOMATIC WEATHER STATIONS

NRL DRAWING D3437, REVISION A (7 SHEETS)
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APPENDIX B

CODE GENERATOR, CALL, SEQUENCING,
AND CLOCK-SWITCH UNIT

FOR AUTOMATIC WEATHER STATIONS

NRL DRAWING D3441, REVISION A (16 SHEETS)

36




g
o™

NAVAL RESEARCH LABORATORY

o
o,
fen
P
L

Tt e EPELu L SIVOIH HYOM 11-E£OVIL, NITHO 80r

XNO NoLvOomRYS
T¥ANIMI2dX3 HOu

g LINS? HOLIMS HI0?D TNV

/‘QQ\DQ.NQQWW TV FOLYSINGD FCGOIT
NOILELS SIHLIVIM DILVINOLNY

AMOLYHOBYT HOHYISIH TYAYN 219

[rez=f

QAIISSVIONA

133un a1e1d pua uh meaab £Q Wnous Uo}3d33ip Uf Emip spoa pue

SVIRIivW 35 1577

panoual aip smaias13s |1 pue
pauuzd 21w s1vs8 [1v 2ans HET ‘aprm are sIomienlpe lewi3 1913y 6

da 3010m aaTap TC7E a3 Srsewund sjur  wpd xadea g/z v qITA
3} 2an30s pur ARA8 FATIP WIGOI-wa EMIP 1E25 U3 1ITASV] baur ‘g

$3z1unIYAUAS PUE UTEIY 1paR A4 36 JuawIsA(pE U3 $9331dE03 SYUL | L

T3P FE7S Ay SaATIR Feul
2298 43003-09 U3 UF U1d aadel p/¢ [1e15UT PUR ‘TRRI '111Ip GUL -G
_ vopaysad syu3 uy wmap

€625 343 ploy pue (/] T ASUeIalol) uowmes 333us> sy1 o1 1jnifd
tro113de1a $35 pavade 3sn( sey ysnig 1703355 @, w1 j1aun s1erd pua
UD ACIIE 4G UAOYS UOFIIALR UY TP Moiiwg 49072 ((7S 2r€10% WAL | §

103 81 49
18I DL PRI, S, 9t oy spl o 3En w3
9B anidp I025 PUT 1035 43 M L

L AI01> 1628 210203 “pancual

@ S141 i paanses 59 pIneus sIAIEY USRI AL (4sAIG YIIR
a3 swra G7 pur o] U3aA1>q up SI[NEII ST4L)  Snap w3 v
1233133p 7471 918 03 PaIPIOT 2q PINONS S1PTOY NsRAG T

£11ea1172312 PaUID WY S19PTOY YsNIq B0}
AEISFP PAITABAI AYL PUAIXA PUY WETI1e VY 3g IEND SIUSAIE TIV 1

SNGisiAIY

ATIEWTSSY

ONINDITY

SILS Wi HTAVL S
§07 WYZY B 5G(960)95, —{osr-a

w23 /ﬂ @

NNl 7Y
Sty WIS SIAVL
W v SOL WHIS

B wa(20)%5.

wam@ u

w7
a4y o ||
g oty 969 -

T '8 4G (960)95,

i
‘
,,sti

ow Ty TS
1505T N WO TN

wirl 330D TN

LM SSIAE NI0ID Ny

INIININDIS TV O e TN ID

I

|
_u

|

,“

&2

{478) 005 "~ f -

SONIE LOVLNOD NG GIHTINID oy SIHSNNG O SWNHT Gy SIHSOHE NOITY 'S

TGN D GYOT FALSISIN SINIIWYITING 007 “ ONILYY ININND HTSM L

NASH Ll - OIFAS LAYNS IEISD
SIHING-FINNO §  CZIINF

0L LON L2VWS IE2S NHDL 26 QININOTY INEXOL WANIYEW §
SSFNHIIHL WANIKEH FOO' NOILYSNIONDD
TOMLNOD QL UNITYAIODD &0 520 ONINNDD-MOD 20

LYOI LHDIT ANZA HLIM (FE2S'ZEZ5 VEZS) SWHNG 1v0DF

SHVIO 52 B St NITMLIT TG GIONS FNOSEINS NEANE €
VoL&s 72w ‘710

LNIWOSLEN! FIOLYHISANTL MOT WLIM SLAVFS 7/0°7
goo” 01 500"

IE GINKE  99-2/ W 98 -0s 12-L Sic NO AVId ONI LAYHST

“7L0M]

SIHGNNAB HLIM SNINDI Tw 2LV 5
i ASSY LY Nid dZave gz et D

l’k"f@l\
Lo
P

k
mom I

et — WN £
]

=l -
Gt L NEls
i (o)

s

&

. <

1
—

IpeE G




A — T ==
TP F T | vviamsaxavos | L7
v LN HOLIVS XI0TD ONY

4
ONIINIAOIE 1TV D HoLVHINGY FT0D

NOILVLS SFRIVIA 2ILCNUINY

AHOLYEOBYT HOHYISIH T¥AYN

QIASSYIOND

0

(££25) WAXT  HOLIMS #D0TD

(E25 NO OND OL Li0341> 1FITVEVE TS
AL TYIHHLIFTT FAILISOS T SIINYIA HOF)

\T Y LiN381D FLVNNTLTY HIOTI FINL NEHL OND OL

(8 B ¥ L1023 HOS NOWMOI) 7103 AVIFH HI0TI WOYS

J|l (1625 NO OND OL L2413 TFTTVHVA FIS

10103 W35 THLUISCS © SINGTA ¥2)
G L7240 FLWNGTLIY ND0TD FHi NARL GND OL

ASSY WSHNE S4--

NAVAL RESEARCH LABORATORY

38

NG 4T o
Fover swiii31< & T 1e
fad

97123775 SHTLLIT
5007 ISHOM TYNOLLUNSIANI

5 TINMNNI 300106 nawi Gi39735 HIINTSNVEL HO1 ONG

! L8 TImee

D s e G35 e

2, v

0 I s IR w0t
003 L3795 U FINVIVE QL DYNILS XA~ KHIT¥ HI ALY FHONG 501 N

(2£28) woso ONININOIS

S00wE rami IL33TIG HIOGSNVEL 304

TG AL GILITTIS WIINTSIVIL HOF
3 P03 Tt 12 NIT, TINNVED HCs AN

3002 §31inIC TomMvWI SO TNT

@ NaL 8 HO03 NOAROI GND L
4SSY NEPIE ».
TINKYHI RIVT HOS GILVIOTTY SONOIFS-85 0/

GILIFNNOD TFMNWND - STNOITS-61'01
FHL FINGTVG IOAIYE - SONOITS Nm.m\f‘,

QILIINNOD 51 YINATdWY IOQWNE FHL ‘CILIINNOD 51 TINNWHI HILFY SONGIIS-8E —=im

SaNC33E 902 - 52NIAT 40

5075, 35057

Srase sy o]

SNoISIATY

$30ICH HErEE .
$72277 Owirs HITIH HEASE

YILLTT L5H14~
H3G7OH HENEE

§74L77 GNODFE

(MDISIT L0310 OILNISS SMOKS NOILIFG TT¥D)
WHG 3005 © I GINSFA  HILIMS NIDTD

N

L8 WK L2/ 02 MWD

Av733 S3I1 TS
FoaNE 201 GNAOHD

703 AW HIOTD WOYS ———

»Gmdwri:QkuS ,
& 403515 i
#2072 s @M 01—

e —
| H3LME H307)

6 v o)

| ouave wvaal =7 7 ipowes
s

0> AVIZY WIAIN WOSA

FOUIE pame TILITTIS
SINTSKVHL FOS TNAOZD

\\\\\ il
I
|

$015377%
worivnaess
%0 7773 a

[T |

432477

e

I
I
|
I
I
I
I
I
|
I
|
I
|
I
I
|

nams AVIZH OMIATH
ONINIOND 4G GILEHINIS)
¥30477 ces—

'

(&0s22775 70>

Oamid AVTIY ONIATH
ONIGNACYD 4§ OILVIINTO) |
231137 ani—

| se( 4
RO TAECINT : "

| onvy dvI9 LG8

773

10r ()
: 1z

!
|
|
I
|
|
|
|
I
|
I
|
|
I

05 gisisz vomas . _[5oz0m]
IININDIS ILINIWO) IND 04 QIHPVIH IVIL s 1753 JR G SR N e Do
\ )
S o 7 TIemtnd | honn3 GND b 3G03 13 N frow et ‘ Hay vz
7 VY e s ronned ans p )
£ FERETZE] > FC0D NOLYHAOINI 3902 TN SINGIA HIALAT NIOTD
¥ A rawawis ¥ ; :
£ G _rzaners | z | 1
B S55777 17v5 ] 7 2009 :
Yo orrvasnzs :
TILYIITE NOISSIWSAVEL 2025 worcwmsorw | s ST ANTT _——— S
sawiL 500G [ 27NA M
FININDTS NOISSINSN YL (5225 oLy womwo> 2005 1. xemsaim— (50153735 300 |

(es2swng wouns 43075 w6 ()
G B ¥ LIe3 HLm TZTIVEVS NI

703 AVIZE XDOT3

IrrE O S




(2
oy

[o2)
™

[

NAVAL RESEARCH LABEORATORY

2 £ 2T awe e ’ - - I ¥ e NI XTdbs| 908
(e £ T g| woameamauos | (XD 7 - SR ST e
LING HOLIMS X30TD ony 2 - - b7 7 208 3 F5 oW SWIGNB| roF
DNIINFNBIS TV ‘YOLYSINID 300D £ - - T AW G, 525 Ly 7] 00
> T SEIWIS £ YT ONIE D, 335 Th OMianE| 0]
NOILVLS SIHLYZM DILVNOLNY E1- 921 vEP "ON LWr FEITD]
AMOLYHORYT HORVISIH AvAVN Bl WW\.N
.ux_xmﬂmjmw.owix DT 2 LY WY 5T XUN 7| #ox Fail 77745 SSITNIVAS 1£0° ¥ _Wig % |52
DCOA 0F LV WA ES NHW . OFTSS ’ CWHOT FINOHEG LI 95/ x kg Gf|2¢-2
AIIISSVIONN NCILIIS SWFLELS QUVWOIAY. TG A GE IV GILINGNTI L5TL 7 ﬁm:uuww‘wm\‘mbﬂ
S04 THOLOW TG 07409 (1 261 ouve) G70T78 7| por Foiz 75715 SSTINIEAE v87 117 Zlos
EEZLE T CACR LY WD ANriINVIL 55 oAl FE0I9 w0L0M|isEE| 7 ATEWIES 5| 694
7
LELLLL 7| rof zads 77715 5SIINIVLS AR AN,
7 IG5 S VeS| 9w
7 XTGWIEEVERS [E9 7
7 3 P S7F ¥ 0d % 5]
7 oo | e 2507 X_vig H7(¢30H]
/] B - . et X WIG-65L | 554
7 WwoD FZHOFE_TATHT 120 X G655 750
7 WNOD, SSvaE U & g 87]25.0]
wwo? RN e A R 7 ATEWTSEVENE 150
v TENTEsvEns 059
. o SSVXE. 2y ¥ w7052 [§#-07
0D | 77975 Ssymnis s woise &7 175 Gt o473 7 7R 75S
7| 05 Foil 73545 SSITNIVIE 575 ¢ _vidost|ire)
7 A 1GAIESVEnS |90
P iSa S50 0 e rl Wy B FATTh]
i DETD w NOLS505 T F¥IS Whds Sebed]
WO M1 0075 o S0vrad” ey Dtz x]
#7 A TLTa UV e el YAl 9 HLTTE09 5
/ B PP O AOLEOT ‘HVTD S5 e
z L o i Fraowr e 975 435 19 9 7 - - 2/E 7 w7 3907108
z o3 7IILE SSTINLS 3 ¥ 2, wia FIAVZ 7 WO SSreE. 2857 ¥ v i leid)|
7 Lrawasevens |pig
’ 7G5 FdAL| TILUNINY T NISIE XU TONTHS £90°7 X ¥iT-052 | L-8]
PPN T PR TN T 7 o> SSvg Fo07 7 _viG % 1]363]
"o 65 S MUSOE FHimt NOINle TTTLE - NOIML
B 1St Vel F e It G5 PLTTLOF] SEYYE 295" X wiD-Z90 (s00-9
v OP! 9 4 NOUSOF AVID &0 SSWG-NO/LEIL T A Fdd 0> WIS (OO SW RIONTT) X WiG-2 e |E0 a1
- . Qx50 75 135 1o 27 -
WIS TITLE CSTINHLS T X o Nies FTAVL XIEW TS S v e s ||
P LS a 28D S et WU Gy WiTT 3t
IO P Dy NULSOF VIO & SGUYT - ML VIO 6.'F s POL FAhL 77FLS S5SIINIVLS 290 X MG Y3 [62-¢
#l o U5y VD Vol ol WAL Qo LTS 7 o> SsveE & ¥ vic-0sl (624
. (E0 Dy NALEOH TVFY Ips Ssvad 7 ATGHTEEVENS [{24
g B - S I wer D 535 iT5 4y - P - D % 5 v rer[9rs
Haos TITLS__SSIIMLS 5 X Ha v S z FTwoNE 51170 T eigrer 520
7 - - - [ R TS 0 wwos Ssvers 57 w05z |
7 LMY T WISTE STONTHG 005 X v £565] 7 7S Svgns|szL
- T TR s LV Y e ki B w0 7 ATFN TS VEAS] 65
“wwos Vet O Ni500 WV g SSveliNCiLED 4 GOM) [~ AIGATESvEns %5 7 TSI Vanc ez
B F L5 AP0 Ve T W20 O WA DTS -
Paladd L2 Op NUSHT ' IVIO HOdS S5 UHE-NOLY HAITON)
T 5w IO Fo G ar Wl Gr WL TL
5 -500 NOLSOE FHiM NN TITLE KON H7 GOH| 7| 5SS FdAL | GTLONIWYT WISTY HUNTHS  fr8 X & v iy
- - G roWer % ¥E 155 4o 7 (7625 JvnnETL A G ISERGRS | 7o
- A N G ¥ Op . Wi o Ia 7 - P - VS E X WIG-SCE |06 7 | 785 FoAd | QILVNINYTRISIY D TONING £ x Eg x &
WO 7T74 S SSIIMNVAS I ¥ e Mo STAVL F OILYNAYTNISIY D TONTHS 005 £ ¥ 9/G-5LF 1687 ’ (IE2F ToNmve3i, A2EHWTSSYEAS
’ A7GnISSYEns 5es] 7 94 - L0TTE WATY & ¥ wiG5IE T
HHOF NI L TG ; A e WTsevans |iBr] 1 | i OaavKimvT RS Ty Srovand ¥ X BIx 7,
Ao G-LB0ZY w TWNINETL SITT0S) ‘ ATgHNFESYEns |98 | » 94 - 1909 AO77V HNTE 8/1ZF X T &y
- - - P SIHEYANIGT 277AE 5 - B - - 7r8" x_2/E X 052 (&5
NG| 75305 SETWNLE b 1 I WOr £ e 4T OH K05 XN . 91-7909 | K077V pATy SZiw X 5287 % 052 |25
7 ATeWISSYEns [7-5
ServE 207 ¥ vig Tilosi
I T PR T T T cEr x0T T Jordl) - ]
iwS | 25ris FErna By s Sov0r re 535 ON 205 x3A] - 25 7 wg - PR 7785 4 275y 052 |fk
55 vy AN 7 N YT 07TV ANTY $277 5§48 x 0527 |2-F
TEnFSE vans |l L7475 vans | 17
WCiLaia57 NoLLa 5T o | Gvsal smozvs o8 255T o |
Wik AT R
TNoiIATY [ /EEE G 2




NAVAL RESEARCH LABORATORY

40

EZEN ) Ty 7

1¥PEQ

o, | Preranmaax: wos 12

T
LI HOLIMG #3073 GNY ,ﬁ
DNIONFI0FG " TTYI HOLYYINGD FG0T |
MNOILVLS STHLVIM SILYHOLAY

T R 7]
R

TT LTI DT T

AMOLVHOBYT HOHY3SIH IvAWN

GILASSVIONA

SV IvW 76 5

(S¥2LLIT ANIG! FT0H FAVHONT LON OG)
DIZIINS UK HH § NMOHS 7 TR0 FAEIONT
‘SZIP O -§
EVL FO00" NIHLIM
?-SLct M STIOH SMIINOGSTIN0I HLIM TNT NI
FT U GTIH AT Iz
‘OFTIC ¢ LoFINT 450 S
Gzu0n

GOT-5

9r-4905 4077V KT C

L5 8 -

ey,
21909 4070V WATY( 2- 9,

|
R

AC K7 HOr s (et
G 5 7-9W2E- 9y (8]

ST G K 2Ot (D)1

wT(250) 224 () -9

(FNS Fva 4G 61 2508.0 W10 LB 58L ¥ viGiNS: 005t -8

(IS HVIN) 5O SY1E0T 3083 WT-SLE ¥ N2 -

(€15 avz) ST §585 1507 F408.7 WG L0058 o 5SS 0518 (5)-8

wa §a ¥ via T

S5vese so

]

5555

= £ via) s

SWoiEAIY

S0058" F015 bt FH08.D W25 TH AV 8, YOF HNIS2 € SC(i0 I (e) -2

v 5

0§z (5)-%

% 2608,5 V0-@12 B Sz o ( 754a)aC Vg ¥ T-0p-pa (0T

5770w

T PrET &

I




—
<

LIND HOLIMS XI073 GNY
DMIININOTS C TT¥D HOLYAINIO FG0D
NOILVLS YIHLVIM DILYWOLNY

AMOLYHOHBYT HOHYISIN TYAYN

NAVAL RESEARCH LABORATORY

sy -§
2251909 K077V WATY

(3015 oK) 4G Z85 150" 3680 wIT B ® Wia 00521 - 4 )
(3015 Yv) 2O FEI IS0 35060 VD ERI 005" B wio SEL: 05LE " () -0 a2
YO SI X WG TS 0057 FOIS SVd 380G0 8IS GH 175 GudOF INIGD E

(G- 5 10 ¥ FHOTIVIT-GI1T B HG(BIIIOE, L L-510) STIT UG X 2 2siOm s, (1) T

le a9

f
8
7
=N 6871 PR
-
(39209 i
(r33)i03 oIEE
—t i Jasr i
f ] “
T 5285 - |
(3)0%°
(s38)209°
r t R
(212) £
‘ + LA
o — - —t -t
2 :
i
Ll _
GO \ - s
9719209 xmﬁ%#h#«@ € ; w* z - |
|
sz *
!
7 5292
KR
s
L Ul

INIT WTLNTD TWILYTN 40 TQIS HIVI ZE
U 2 WO NMONS St TIAVHONT SMONHY
FIIHL (SXTLLTT INFT FTOH IAVIONT LON OC)

ONIZIOONY DFLAS HOIH B NMOMS St GI3790T SNIISNT -
“FZITONS X078 €

W1LIOOD NILip [ 2 N STTOH SMITNOISTZETT HLIM
SNIT MR ALETION D 33" T2
OFTICY S LTFHT Sy 1

‘57008

aa3-1
ATSNFESHTS

sl

T 52 WOrrutd) W
ST 8z ' ZONZE-Oa ()
GGGt 7 oNOR b ()1

v 816

e (5)- )
YT G, 05 16) -

55104 TFrET g

I




v, LINA HDLIMS X077 OGNV
ONISNINDIS “TTVD ‘HOIVINTD FT0I
NOILVLS HTHLVIM

AMOLYHOBYT HOHYISIN IVAVN

QIISSYIONN

NAVAL RESEARCH LABORATORY

42

pFET

2 77v08

LRIV HIVTE  witAA 7T

NIV InOTH) M Y T OL SHILIVEVHD QIATHINT

srom

QOFN -/ \’//
(z£23) 418w355VEAS @,,

a7
FES FAdL (OILYNINYT ‘NISTS U\S\(mxlﬁ

w0 (2£0) Er, (11)
(aras) 7owmS —

SHOD IWOWSINL I OTIITWY:

COF -1t

G-£202x, TWNIWEITL &IOTOS @

L

fr-n o

e [ AP

-l

w0 (o) ory ()

Rz

£lw

R
H

TrrE 0

L 3Tvos

antve Wov I8
HLIMA TS (SVINIIS) HIiK Y FF OL SHILOVIYHD OIAVHINT

ETEVEEN
(1£23) ATEWISSYENS @

[eE 0

P qose-9
FEA AL GIUHINY T YOI INOHEINL IIGEGND,
WIS TS NNl G-2202 Xy WNINGIL $3G105

(42) 3905 —

a2 )os, (- ¢

FZIGONY XIVIE 2
WINO TV

oY1
9£-/909 4077V HATY O

\\ i

Z-INEE-T ()= WG LE6—

[Crrrzo]

7 7wos

(ake).5v ¥ WN
H

>

i

w2 o € 38 02 SersiIvHD OAvoMT
e
@031
F0D Tatin WM §IAOI HOVTE
CDILYNINGT NISTS  ITONIHS ®

41K GSVad H0T> arv |
t B owiwsnnssTrTe sorvaingd 3000
0

7

IvrEQ

T 37vo8

(scn7 wio)

o0 £ oz G-

(sons ni0g)

2000~

via i sere—

/ﬁ" s 000 t 60"
qwr

100" WHLIM 119 4t FO (#) O IWVS INL TE 0L 7A

WL S000" MINLIN DIFINTINOGD 7 0 SYIG-SE#TE
FZIQONY HOVIEZ
GFLON SV LAFIAT GITI08 SY MWSINIS'L

LILON|
ovFS -7
ﬁl‘h\w.»w J

@

8 i
; /’ vie £
-z wa(esisa,

IEe £ 0 5%




43

TP RE O g ikamasa vos

v LINA HOLIMS X070 OGNV
ONIININOIS ‘ TTVI ‘YOLVYYINTD 700D
NOILYLS STHLVIM DiLyWOLAY

AMOLYHOBYT HONYISIN TYAYN

QAAISSVIONO

1485 G

[ZEED
TGN ISSVEN

HTL S000° NiHiIM

Tt 0L NSLNIINOD 5§ OL WIQ-L&I 2

GILON SV LdIINT f 7

“suom

TFE T

= 77¥3%

'SGNOITS 51 KONy HOI HILYM KOS B QIIV JMLIN %O

A0 LY STLONIN OF §04 (YOL&L-7-Un) 11O
LANINAILSNI FANLYATINIL MOT 40 HLVE N ISSINNI (5}
FO0F 0L 4,052 LV SILONIW OF NOS NIAQ NI L¥FH (%)
SILANIN NIL XOAAY
HOS INITAHLISOWIYL  S¥ HIAS LNTFATOS 10 wi HS¥m (£}
HSV ¥GOS
S¥ HINS NOLLNTOS INCTYNTY My 5O 37.6M M TSNIY(E)

SO HLVE b NI ONISYTNNI A8 ONIHSAE 40T HILI(1)
CONINIHIYIN JZLAY K LISONOd FHOLSTY 01T
OILON SV LdTIHNT p,

THEE G

77735

4,00 LY SILONIKN OF Y01 (VOL82-T-7) 710
LNIFHNGLSN  FINLYSIINIL MOT 40 HIVE N ISHINWI )
HO0F QL H0SZ Ly STLONIW OF SO NIAC NI LVIH (6]
SILONIN O XOSAdV
S0S INFUHLINOMIWL SV HINS INIATOS O NI MHSYM(E)
HSY va0S
SV HINS NOILATOS INITYXHTY NV 30 SILVM NI TSNIN(Z)
SONOITS §I XOdtty N0 FTIVM YOS T IV HHLIN B0S
SO HIVE ¥ NI ONISHIANI G ININSOE FO QT NUF()
FONINIHOVW STLAY ALISOYOd FH01538 0172
GILON S¥ 1dIDNT 1

NAVAL RESEARCH LABORATORY

ATy Ty g 1V 0500y 7] Y
TSy vvig 1V 0927730 2 v
N7 Gl (2

ATEWTSSYENS

YIAINI SO00° 0L £000°(47¥) VIA-052"

ety wa £ (g)

B3y -1

IOIY -1
ss s«m@

/

E&PJ \
/

VI 5258 5281 7

(3 ‘
WAL

/
/

z-owzg-a, —

ab3y-7

Vet £6 KNI -BE  HLITL#E

L4104 MOLSOG
HVTO F0AS SSYHG 40 S1GON-$%-2)

v ﬁ“aﬁ!sn fesosan j (s79) = IE&
e

GqoIY-1 2779 ]
SS5VHE
(284
vIo SRSt \ CEE [ZEXgr
/ FzNONG F4ITI0 @ FZNONE E:S@
AISLNI SO00" 0L FO00° (434)¥1G-052° £ /
!
YINO TV £y !
3208 1 5
i S w\QmioE(an.\ﬂ WG BT 58t
8 25/ 75
3 T ! 7 RZaEs
POF FdAL TFILS SSITINIVLS \
zowzgea, \ = T f
@ V1o S oseE ;H A
ﬁ 4 205 s?&:s.n__l Gaovrs Arrenny QQbE \ ~ e S
#?h,‘;u.
(zars av0) wa(>#0) 95,
052" ——a|
b3y -1
ver Frt WILI-Bp HIZIL-09
PO NOLSOE
HVIO NS SSY¥E SO FITOW. 9
[ rzesa] TErET rrreg]
; YL 000" NiNLIM [EZTZr -aziom sv wemmase | 7 ITVIS
T OL FYINIINCI TG 0L viQ-481" 2 2UVTS TINIIN HSYILZ
o m.\kltuvxw«x%kse\)\ WYL S000° MHIM T oL

HLNIWOD T8 0L VIT-E60" B SVIG-L01" T
FioN
qoF -1
Ve fr1 WOL-Bs HiT3L- 20

G S8 0L
23

‘i
- rL |

(438} is0 m
- 22p

ASSY NI

UTENISSY TWNIS LV TIAONIY SMIZISLIS
e

aOF-
A7gMISSVENS

Q00" 0L $00°-A¥Id-ONT LIVHE

(472)000°s
\uw& 698"

@

T Nt St WS i 2P 204 WVIY B HO(990)%,
WIS B wO(90)95m
I6PE G S

Mo HIAVL iy,




NAVAL RESEARCH LABORATORY

44

ONIININUIS TTD WLV INTO FG0S

NOILYLS MFHLVIM DILENOLOY

AHOLYHOGYY HOHYISIH 1YAWN

GILIISSYIONN

SNTRaIvR 40 1617

]

I FLEn ONILLOS 20 IINFEINAY LiNSIS OL
ONILLOS IN033E VIS TIHAN HEVISS

(85~ 84ct 735) ONIL4Ct HILAY GHIKNIEA
F0S SMOTIY NIISNIWT SIHL B ¥
5005 ST NO TINVHINYLE
FarLy 0NNV LON  SIINVEIIOL T

DILON S¥ [oTITp T

IISTLOW  DNILLOSG SO FINISINGY
LinETS OL OWILILO IHOSIE FiVIe TIMIN WSULLE

(6f w10 335

ONILLOS FILIY ONINNINE X0 SKMOTTY NOISNINIG SIHL B2

wiro 1w ), 1
qoIy -
ssvwe @

Frow
vz

vig-ss@

S = e —= Trre g
IPPE QO g | woanuzasvos | S 12ef G T
4 F7r38 z
v LING HDLIMG H20TD ANV c

(1£25) whEG 3003 & 17¥D ‘BINSIA

G, #FLL5T 50277 S48 p T

0T/
AIEWISSVENS
HOLIMS #3075

4

0I000" & FOCO0" Fitr Tt IIKIOHY
0S0CO" QU §2000° 34T TIAIN
HIG-0007 0L ONININIVW 3 SWiLLOm JTLAS TININ NO WIIOHE FLOXLITITE
ONILYIe FHOATG fa OL WiT-000T ONIXOT
P60 NiiliW ONILIOS FHOITE NMONS Sv SLIVINOI NDITYI
e
UGN TTD Tedia il paoes
VIS YT 0001 A0 M3 GISONINTT

(27} 290

-
-

—— 2IF
6 LITINS NO LAVHI WNONoA NIINIONTG LO3/ONe A
GINIWSILIT SV TIVI QFASIT Hod TINIWIVH
FE 0L S2/5 SHILLIT TIVD S04 GILLOTTY OLT —

A e s
TEveid -

FNGiEiAaY

Goas) T wpen

TEU ey 10579 —

s

o o |
QTSN 1 NHSIT 21103870 vg35 0529 7 .
GriMSS A NOLYH )
YOINI AAYESTIIN SMONS R OWLLOS HILAY T OCOY
M3 Q30T
QIA0TINIT Stz . I
Wg-518° 0L S
WIS GYOM QITIIH LIA SLUG LNG TNIMIFW €90
Sar @z 6 LTINS NO LSVHI T3S Lbay 09 L seu N
521052 —e Q07237 T3 SIMIO OMNIHIVAY| TSI (550 )¢5 (9)— - - sz @
0TS UPN SHILLIT 77VD - i ' /
IHL HOS TININIVA LAV V| - e : : 5-9)
5,05 D SyICH 340D
. SMOWS MIIN TIACIIAIT SIK, . 05 658
o0 I T “ \OITIUG HWCHID ANOLIOEE, LSYIALSYI HIM 104 @ Q
ey = L
T
=ls A IrrED IrrED
= 7 7es EErZrs
=2 , z t T e
SN : 22 R N e
ES | s -
= 4 cgr - —— -
Fﬂ\u - 7 TVIYTLEN ONILLIQS F
g0 ‘@ason S¥ 13T FIICTHGY LINSTS O ONILLOS
G J o 20438 2L¥ 15 TIMN 1G T
i O o 25 10F SNOISNIWIG 3TN - €
=g = it ’ O et lor e (0F-@L0 735 SNULLOS BFLIT SNININIDW
s -5 %? @ Le 2o 0 f=or £ 201 MOTI QL $1 NOSNING L o~
= . o o031 FIM0 T g -t
== ) VNIWY T NIS3S 21 TONTH
=1 - lﬂ‘ 034 (44 & o @ evers e Earon
- N
sa 6
. wcer
v vic-zeis,-
TGO Yy W 52y o -t
LavY 02 20 ] (o) o g0 . _ - oscpe
pc wo(or0)95, — — S
1 S s aal T NCTLTTS H o cos
| savav 09 ‘GO ¥'wa i - - SLE
[ — it
1 . 250580 -
b0 5 3oM T e <6

e agrne
-—E907 =

1PYEg S




0
s

NAVAL RESEARCH LABORATORY

o —
T £

L Ty

&

/b £ £ O g wanarwaaxawos | 2

[©) LIN HOLIMS X012 GNY

ONIDNINO TS TIVI "HOLVYINID 3G0D
NOILYLS YIHLIVIM DILVYNOLNY

AMOLYHOBYT HONYISIYH T¥YAYN

bit?_Ppog
NALIQIS SWIIEAS DUIVWOILOY.

CELISSYIONN

RRZLEESLIET)

|
|
arany

TGRSR NRN

i
]
J

©

~ .
Q0D ISHOW TYNOILYNYILNI

SSYHAR SrM | o] v

IIVD THL an N
SYTLIVIVHI IHL SO SHITIO THL ONIONVHINILNI
KRG O 'HFLUIT TNOITS IHL XOS HTEWON ¥
NVHL HINLVY FILLIT ¥ ONISH T ¥FULTT LSHF FHL
OMIOKYHI A8 QINHCS FE NYD TS NOILVLS SIHINIM
DILYWOLOY 04 TN OL OINDISSY LON SIT¥D TYNOILIGAY
EE7EY

LG GILYIIGNI 3V
F7G1S50a TNV LVHL SYILLIT TTvD ONOITS

z . <] N
E3 =< ~
x XX ~
M >< > N
4 R I 4SS N
i > S S > N
£ ENEIEREI R E SRS N
S > RS N
& > > > A
] AN N
o NS N
L2l > N
R A A A P S P e R |
” EAEAEN AN >< N
i BRI A ~
£ EEN RN 4P N
r > N
I EEESEIEIEY EIEEI S N
~ EAEAEIEAEEI I S5 N
£ EAEA AP ~
= [ [>T N
El EAEENES ESEA RIS N
g EAENESEI S S N
2 EAEA AN PN ~
g A P AR Y N
v R AR Y R Y N
EE7ER KA A WA KA i Ea 0 EARA A (2277,
ay1ms 74137_ON9ITS L5814

LYYHD YILLIT TIVD
WONT IEZS SO NOLLITS
YILLIT T3 FHL A8 QINSOS 78 NVYD L¥HL 88/ IHL
SMOKS LAWHD HILLIT TIVD ‘468640 FTOD OND A8
TN OL TINUSSY FNV Lywi SHILLIT TIVD 092 IHL SO

SL18-21 2 SANOM NIIMLIE FOVIS
SL/5-£ = S¥ILLIT NIJMLIO FOVS
LI = HSYT B LO0 NITIMLIE IIVIS

S1/8.5 2 WSVG
sg-1 = 200
TS HILLTT-E RN HO4

FTAVIVAY SL18 O£ TFTOD TSHOW TWNOILUNSILNI/ W0 Of
SIIVAS B SIHEYT 'S100 A0 WNIG NO VIV QTLLOTTY

(& LZINE T35 SHVLIT 07)
UGN Si NMOHS TIVD FIaWYS WAST (ETS A0
NOLLITS ¥ILLTT TIVD 40 SMIIN  GISOTIATT

ONISVSS GHOM HO
GIULINO G118 -20- 438

OIHISIG TV IHIW 0L NOWWOD WO4F SHNIT L1

L0 NYISIT Linden> QAN —

QRRDbERONORIREYRNoERA

000000000000 000000

LI

CILISICT TIVD INVW QL GITIIN LON
SUIE L0C FNINIVIVINDISIT INIHIVH-

.g, 1&g Fovw wsva ||
INIOVIT IH04TG SLIF-P
GINIITY LIF TTVD LSH1A- 1T

NHETG LiIND GILNISSA SMONS NO/LIIS HFLLIFT TTVD

LNYHI HTLLIT TIVD FTE TIVD GIHISIT HOL
ONNSOS HFLLTT T OTLSFDINS

(1£25) WoyG 7003 B 7703 ¥IINSTA

HOLIMS HD07D

e E O o




NAVAL RESEARCH LABORATORY

46

= 9 = 5w eme S 1vrEQ vr£Q
[ IFVE O g, | vroamuaxavos |, 437HE SiHL 'S5 0ides 2 FLON 335 AETT2YS £ a7vos
v IR HOLIMS %3070 Onb CONININIVW 4IL4Y ALISONOS F50:53 018 | T

GILON SV LAIIXT fi,00
£ WU 50007 KWLM O OL

JINTINGD FE OL Wig-S21° 2

‘071N SY LTINT 1

ONIININOFS 7TV HOLVEINTD IGO0
NOILYLS HIHLVIN IILVWOLNY

AMOLYMOAVT HONYISIN TVAVN Frow
Qvz-1
28008 E:G@
QEALISSVION
e TS s VIO 560052 xn b - Oyt
R + ATGWISSVED: ATGAISSYENS
= Celionzers e A,PJm”n P
LA
raf i gor PLEr) ~
150 i %5 0521~ Vi E3 WL BF MITIL-OF F70m,5, 2v 455Vl 1-2))
' o 0v194 NOLSOE ‘¥VID . N
- e ssvsg 10 sgx.@ AVt w600t 00"
76VE T | szr£0] H3AT05 FIATS—, |
LT 7 Wic STalYL U 507 [
3708 £ 31v0s
z 7 FLY T TIHIUN HSVIL PG 05T Wiy @ ¥0(250) 55, i .
Y \nA\ : 7
avss-s ~ f
o For KILIg-8p HIFTL-Et K :
4,000 LV SFLANW OF 07 (¥0L8L-7-7im) 110 §2 504 NOISOE
UNINOSSNI | FSOLVATANIL MOT SO HLVE NI FSHIAWIS) Fem NoIg 13548 AT
S,00F OL 4,052 LY SILONIN OF ¥04 NIAC NI 1vIH(r) Y
‘STNOIZS 01 YOSdAY H04 /
INFIANLISOWIIL SV HINS INIATOS 710 NI HSYM(E) (&rz SO00" MiHLIM G Of
NSV ¥GOS SV HINS HHLNIINGS TE 0L) VIS 2-3N352,
NOILNIOS INITYNTY NY 40 ¥ILVM N1 TSNS (2) M:ﬁ . -
SONOITS S/ YONadlY $0s HTUVM %05 T QIOV KALiN %08 _ S n-s
40 MAVE ¥ NI ONISHAIWWI A8 ONINSNE SO O KIUI[1) a4 1]
CONINIHIVW &T14Y ALISOS04 IH0LSTE 0172 i o |
GILON SV 4dINT T b
1o . w Wv3720100° 02 mSQL
w ' (138} vra- £
7P ET TrrET 17PED
L e FER=T T 7205
FZNONE 3L1710 7
WL S000° NINLIM TS OL
HHLINIINGD 38 OL WIG-LE(E FhoNS ST XTEWISSY IVNIL LV TIAOWIY SMIHISLIS'T
GFLON SV LdFI0F [T 50 <720
Y
VT %0052
o
Srrit— vEI-1
7 o.o38-1 ATENISSOTS
o
— avIy - TIUS SSFIVUS
! Q) ATENISS van:
&/ ®
- ASSY TUNIA 1y N S3VL Vs )
@ 407 WV3S E 50 (2 tm.é I
" avre-s
o w062 7
m 17 s 0see Vit JH HULEY HIFIL-ZL
22/ 9, NOLSOR
GVID ANSS SSVIE S0 HGON “ssy 1y
w0 sszer {gs-a
/ : 3
wIALKI S000" —&—
0L £000° (332) WiQ-052"—) !
SR $481;
e .
()2 i WG 255 £S5 !
* j H /
8 ' ‘wig 5093 {
2 va S50 8l !
Sl ) i fad V3
| VG oG- RO
wa (9903,
(472} 69#" XSSV TN LY Mo
ST Vi HOS WYIY B 6T (790)75,
AL .55V ToNi7 iV Gsadv v 800" 01 500 Y740 LAVHS
7] CSVmAG_Svm | mee] [ b——— (472 0006 —=

IPYET




417

NAVAL RESEARCH LABORATORY

o
ey
[
rr

/A ey

o310w 5v|

TPFEC g,) Trinamuzis wos

@11551

LINA HOLIMS 22072 GNY

3576

ONIININDIS “TIVI HOLYYINGD FA0D
NOILVLS SIHLIYIM DILVWOLAY

£

AMOLVMORYT HDNYZSIN TYAYN

QALIISSYIONA

177£Q

7 75

FOW U S0000° I WU

SNINHTW SIS VUL BIUAT TITI MO WO U TANNUATTT ]
ONIUVIS IHAIIE [y OL VIT-0001 ONIND T

ONILLOS FHOSTE NMONS SV SLIVINOD NIITV'S

‘3LON

gz -/
AINFSSLBIS

(2£25) WNya oNIONINDIS 3

LBSE DHHL 06 — NOILYWHOINI = TLIHM

VBB NIHL 0 ~ TIVI- NMOYE '
ﬁl SOIX —AYTIS OMIAIN - GTY'T

OW1LLOd HFLSY RT-O00

]
0,05 @ SHOH P F40D ;;
TOFINS DINVYII AXOST VP W LSYTHIISYD HLIM L0

btz 21"

(7%
H&m& 295 .\[Iﬂv'v (438)s¢E"
15671 —————f&

/19+E G

£ 31v08

CIVSILYN ONILLOS 4O

FINFIINGY LINSTS 0L ONILLOS
FHOSTE FLVTS TININ HSVILE
YOV 3G LSON SLnD TTvE
(51,05 SNOISNIWIG FIINVE

(£9- 1120

F75) OMILLOA HILIY ONINIMIVIV
%04 MOTTY 02 SI NOISNIWIG SiHLW'Z
A0 TV 47
Fzow

anFe-/
ssvaw @

V-V NOILITS

FLON_OIONVID

SSVaAE SoM

Fovsans v Fr,
4O M3 QIIOTIATT

85~ el
—sir
w2
wa 2(5) .
™ 52
g
—5€s
06— = 55
o—-UU_ o

17#5 3 CIVIEILYN INILLGS 4O
T IIMIATHOY LIWYIS GL ONILLOS

7 IHOSTE FLVIS FINIUN NSVIL-5

;. TN 3G LTV S T -7

w$ S10 5 SMASNIING I7P -5

IR B - B A AR “(911d 735) WL

NS S LTHT & -1
oz Do
sseE

Vb NOILIFS o005 /=] g g F Ko
DA azMIS ATIVP07 HOB()
o08 e [V 1035 9668
(374), wi,T vra-005 f_.kgslv V529" R Hr
I LY 1 —
081 - - 20 vt oo L
i — H
Il N
f! ﬁrww - fsar
29 0 [
o Pl vl —
o052 jad
01z e z-ow2s-9,
-— o0s*

WNGT S0 NOILVLOS 529"

os1-
519" (vd1}z20"

1PPEC o

T




NAVAL RESEARCH LABORATORY

48

57 =

A ey

ST T g, | Tesanwien wos

grion sy,

o]

‘<>ﬂ

LiNT

ROLING X372

ONY  INIONFNDTS ‘& OLVHINIO J062
NOILYLS SIHLY M

DILETLAY

ABOLYMOGV HOHYISIN IVAVN

QEIISSVIONT

|
1S ¢l 35 16—

[ rrso]
M\ ezt
Fu 155 -2
OF™CY 55 4A754F
NACHE TS I s -
EauL
P 7 Terer xumcmw s

[

&L GO NIMLIN T 0L DIFUINIINGD FE 0L w0121 F
F OO 17 STultavi (6 o7 (FCLELTrt) a2
LMBYATILE S DA UATDZoITL MY 2O HIAT (1 TSITNE (5)
2.0 G G52 17 STLII] T a T 10 AT (Y
SILL T >PQ\\Q
e s T e P
M AH e T PN NOUSTCS F AT A Dy 3

- G IDaetr Hud FESY

C AT 10 DTS AT RS T
GNP TEz C g her e ALEIR S FXISFE LA -7
NI S S LUTINF Ly - 1
SEan

Ze>r

R e

LCETAEN
2z2r088 F20710-{3:-2

FINIBIIBTIN! SO0
& 2000 205 47 G - P —

07y

]
ERCZ

w

g g

P

Fu 1G5 - T

NACHS $4 1SFHT G, -

Tz
v OE - Fas
IS TS \nb\

]
53, 0921 L ” 7
;

gssgiovar

ST

[
“CEWESSTIS | w

T ®
N

ussy 2v M mmuk\%
.

N
seral

|

N
(&% an3 800"

0L SO0 MOTH QU £1-11y 1) A 160

Pl

v Fot mOLe B8 KiZErE
9579, NOLSOE
el e IrrEd
s FEat =

oOIH- 1

FOMy FAISSTHJpr MUk B WUIHU-O9
PH-Cp BUFO MUSOT

2050 I 556 F

NOILYIUAIGOW

D8 w7 Yy e
2T AE AT ST —

-

£ Sy —

(3G/6 782} SG(900) 95 —

7SS -2

NACHS S8 L374TF 3 <1

WO TS | ﬁ

ITERS 018 5,
s

(sanz 108} Ve J&: 660 —
&

Szun

USSY TYNIA LY TIAONIY SMIFISLIS
- FLON

[ZEXS

TR
Lrgwissvans @

8007 01 $00°4VIS ONF LIHE
(#38)000 £ =

ey
[\

4SSV TS LY
Nicd YL Ul
ar Wy B 20 (970)25.)

455¢ i
Tomid Ly vt 33 e
mﬁkwwm\wmﬁwvﬁﬁ.ﬁ

IrrEd S




-
Lo
b
=
[
I
L

o in

49

S 1

FH 97 = F7 T oriow 20| ~e= IEPE T
[V ThFEC Jeanamanara wos |74 fria Z27v3s
[C) LIND HOLIMS HI0TD TN z oo meﬁuw em Mc&in kakaﬁwsi 2 75 o NNUQ,W&WMMMQ GINHONT ¥
A p N W e 2 ERYE CTVISZLVW ONILLOL SO TINFHIHOY LINIc
ONIINZNOTS (TTVI YOLYYINTD FQ0D o wr— OL WILLOS FHOATE FLVIA TINHN HSWILE
NOILVILS STHLIVIM 2/LViioLAY . (91t FIS) ONILLOG SFLAY
I T NN GNIMINIVW YOS SMOTTY NOISNIINIG SIHL®'Z
AHOLYHOSVT HONYES3H TvAYN A, @rLon SY LorTNT B
2 08— <FLow]
QILISSYIONO
Y [ Ere
T AER YT L T SSYXE e o6
TS IvH 3G 1517
5 orsawotas e avFer-
)
o—
1rpE G
2 37v75 CTVIATLY ONILLOS A0 FINIIIHOY LTS oz
z 0L ONILLOS IN0SIE FLYTS TIHIIN HSYTST vig Z
A340 TV 4,1 ’ “
e o ¥
> P WO o s 9L i
S5V, B -1 = -
o W - t
o 150" I:! 202050218 — bogd B )
— - ! 1 o o
< B . . ’
o i i 0SLE— | i
| . J S
O ) 1T ¢ ] !
pes A : 290 s Gy 50505
< 2 o
022
28 e -
] \ _—
(951 id 335) (mmsomynom m/ > o\ N s
ONILLOG HILAY ONINIHIVH v (a4s) 28 via B 50 0 €2} —
I o ShTe NorSH TG iz
U TrrE O TIVITLYN DNIZ107 A0 TINITHINGY LIMETe 55 E T
o 237008 0L OMILLOd FHOASFE FLVTS TIHIN HSYIAE | 237898
¥ (00-k1 s 735) omiclos wiLsv | €
L- 4 ONINIHIVW HOF SMOTTV NOISNIMT SINLGZ
w GILON SV LITIXT [0 01000° 04 §0000° - 3iVIS WDIGOHS
w FLON 0SO00° 0L SZ000° - 3LVIe IZHIUN
w TONININIYW HSINIS B
ONILULOS HILAY TIHNIN NO WNIGOHS FivId08L33TIE
o ONILYIS F¥OITF fy, 0L WIG-0001 ONINOET
aoF s abzy -1 ONILLOS FSOITE NMOHS SV SLOVUNOI NIITYY
— coval e KIEHNISSYENS e
< (££25) WANG HOLIMS XD0TD
AVH ®
N L1251 D=
)\h:xﬁu. (ros)
VIORR e ; 448
w0 ST e L1028
— auvLs owser /

v s

"ya ()95,
Py

g 358, soie
ViG-0007

. GISTINGI /
. on Wow £ Ay
' Shvief wwe §

Ty .

NOLIWLOY WPAT

NOLLYLOY WONT

©

(! K
sece sunon = s> )
TQITUS DINVHIO AXOT 0rE, LSVISLSYI HLIIM LOch—

TION ST o &
TV 8ol SEAT| ]

SNoBIATY (2PE T S




NAVAL RESEARCH LABORATORY

50

- - |

S 2] e YR
TP E O g wovamuiec wos Z77wos
v LN HDLIMS 20072 ONV
ONIDNFAOFS TIV I \FOLVEINGG FGOD g3lon SY Ls337F 0ITT08 SV Q310N SV L[dIOXT TITION SV
NOILYLS SFRIVIM LVINOLAY Gqoze -/ D F208 avzy-2 FL0M
3G AF mostwimIva FOS IaL OILWVANYI NISIY I TONIHA /Q“\ FEA FIAL GILYNINYT NISIH 21 70NTNe
AHOLVHOGYY HOHY3SIN TYAVN o
- = oo 005 £ - - &7l 005 %
_ T 000 £ —mmmm e - p — &8I 005F
: ESN 81
QILIISSYIOND . .
- $30.050 ~m - s pd— = {80527 - ff—
VTIivR 7o e i
= H .o 4 _Hj g b
1 - e
@ )2 NS 2 ()= 4@ P2 oms-2u (o ——
P 12 - $21 4w
,ﬁ‘ 909 /- = o2 =
§28 - G206 — - i =
! . . VG- 26E gy
YI7-SLE — e 0SLT = vig-$ei L oosi- - A}
(oas vi@ 5z, 0820 4 - 529 - (A4t) 10 332050

v-v NOMLDTS

o \

O — - /
OOy SFLNFI — ; "
: — g 555 90" () [ [— - —via f5i0 (o)
- ,r - 05¢ ¢ -
Id - 5081 — - -
584 20AL
G (6 yr, ——

|GILMNIAYTN. 538 DITONIRG . - Fves 0L
STvEILYH ONILYIASNT GIONICED C08 SILNFS T
@Oy wILNTD Ui AIONGCEY

FLVT SSVET HIIHL 5007

m e e JWB

irEE g Gz
s B anr o oy GO
7 7S SIHINI-BI NMONS S¥ QIG0I 0163 79 & Qoo (X-31a) SaHSIE Lm0 1871 it $05 GO3
IHIM OFONVELS NOTSIL 22, IS N/ SIHINI-GI TNMOKS S¥ g7002 weSw)
FrENE N Tion v Juik TIONVHLS NOTIIL 2le 3570
ArIWISS YIS
FONVHD .
"
s
/
L
"
o

v
ﬂ i v (o ht) ANFHLSOCTY e (aat) ANTWLENI Ty i Vs
0 su%00 9 HSred Tvais HSIEG  TYNIA T e,
5850435 HFTTOS 1A i FHOA7T HFTTIOS L AO5— - 70

ATTYIIGLOTTIT SIHSNYE ININDITY STONILS SIINILS
xo SWIIT ok E -

b NAUSE T
04 GONLIN QILSIOONS 6O 5TVIIG HER ,

R P I Ll SrOY Tom s 8w LNINISArQY wws §ILIY N

y SwLai55E N0 5?4@ 542535135 TTW TC1GAIC- Larr
I3 e IrrE G o




o
=
Lo
o
oy
Yo
]

i
(e}

£ ] o ey Gzz0n ov| OILON SV 1dI¥T GITION SV (vt £ G ‘QILON SY LJINT TITI0N SY
[v] [EEE G g | veawaaaves | T, EEZr

® LINA HDLIMS X073 GNY

ONIDNTNOFS C TIVI ‘HOLV: T 2t av3y-1 GOF5-/

S T HOLVHINGD F007 i e e Skt OILHIY T AT et T84 ToAL GriINAVT WIS wéiie
NOILYLS STHLIVIM DILVWOLAV o T
AMOLVHORYT HOUVISIU IVAYN Tigw[izem] 2w

HWSN# T‘ WWMMQMM vﬂ f?@}h
e —— b o

— fgio0st

G 0008 ~ (474)

40 ¥ 7oN95-Zu(9)

\.‘.XQ 2885£90°(3)

@)

F,SQ‘ su5°

B (A vio sisiose

(4L) VIG5 052
Iree

SIS ¥O SIWIIT WA

VIG-SLE
P mzw.uzam ) —

wafss) i —  f ¥ -

R — J—rrvrrr

, I | A
(RO D sotmo) e~ -3
[ze£d] [—efa]
7 37vs WSNHE HIVI 404 ObIy | £ FT¥OS o021 ‘WSNSE WIVI 04 GOTH
SINONI- 81T NMOWS SY 0IFFO3 &070D (ASSY HSNYE Hiif0s SIHONI-&I 'NMOHS SY TIC0D FOT0D
IHIM TIONVILS NOTHTL 22, 750 - STHENSE- %) AIGWISSVENS IS OFANVILS NOILIL 224 TSN
ey :3.200]

7 —ano
0 = HIIITINY TITIAT

HIVIE
NMOXEF T
v
MOTI7L Y 7 TINNYHD
@

TovET
=/

NIIFDT VI S TINNYNI
LEE- R
o

AVED7 Yk TINNVHD
vy

¢
PERZ uv.’ A TINNYHI
kg

TOI -1
LSSV HEONE Widld- SIHSNSE E) ATEWTSSYENS

(438) 529" -/ 8‘ LNIWLSAraY TYNIS
\ : FILAY SMIYISLIS TTV T0LAATD

/' T

NAVAL RESEARCH LABORATORY
|

-
£
|

& mv ﬁ @ (o42) 2M3L5OrTY > > 7005 KoL VNSOINT
N S - . HEAYG TeN/S
o e— 3002 72
VAOTT T
FHOSIE 4ITIOS LAOS O o-n03 avIzy WWIRIN WONS
a7 T
]

HENHE TYNIA : i 1?/ %

zii)i
, ,
; o0 ww fo¥ L & B
) i P |

, (oxorawwasoran | oo mi, L et .

FY0SI7G HFITI0S LA0S AMOFE T i i i
Na2DC * 2005 0w
, i
(475005 =+ - =],
GEVer AR :H, UNINLESArOY TYNIS
saie swsssirs 10 Toianro—{o)
sNGis AR IPPE T S




NAVAL RESEARCH LABORATORY

52

57 7

y R EDPEY
THPE G | Tvinamiaaxs wos

LING HILIAY HIGTD GNY

NOILWLS STHLIVIA DLYROLAY

AHOLYHOAYT HOY353H TYAYN

TNHSSVIONN il o0 e

NNI{3T SWITEAS JUVWOIOY | 2~

Ty 3

Hiaws

. ‘GITI08 SY¥ HEINIAT
ﬁ pER Y

Q07 - 17
wwos ssvag

HA (8915 -

o i

—1

sg-al

243908

WMOHS S¥ ONIYAS OL
SUTNDONISYTS TG 0L FWMS NO LYIL )
NIy

ONIOYMS 40 QOHIIW OIL1SIIINS

™

S

SHve

B SV

SRGEiAIY

7rre=a]

Friawos

[LEY IR

ATGNISSYENS (991

Nt

OMINMS HTLSY TGOS LAOS—,
g N
€

- ONIDYMS LIV BT-Z20 7
@ NOLZFS Siis wINL— \go-29) B

20 090" —
&5

3

ToeE T

ONIWNYOS HILSY SHOOM-E HOS 4,009 OL LVIFSL LYIH'T
ONIWHOS FHOSTE L¥IHL NOILATOS Y

F10#,
‘gp3u -
3yim 834dIT KN TiaIE
— e
S - L
PN 0 o
ST e Y g JC
Lo ﬁz.
o .
. — 4

Faa CIANVYHLS
NLOITF 22w OMHNITTOS HOA FONKHVITT
FOIAOTS W DN FAONTE QL ONT IS0 B
0370 § 370n T Okt 50 (SEO) $2%0 MO DWILYT FILAY T
"01GO0" 0L S0000° ILVIS WRIGOHS
05000 0L §2000° FLV¥TS TIHIIN
TINDIN NO WOITOHS FLYISONLIZTI
FLON

200" MIKLIM ONT HFM
WM SVINIONISHTS F§ OL SL¥74—~:

2 Jion 35—

156 -C o




FTTIT OITAOYETIANG

APPENDIX C
CODE-SELECTOR DRAWINGS

FOR AUTOMATIC WEATHER STATIONS

NRL DRAWING D3703, REVISION A (10 SHEETS)
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