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FOREWORD

need for time-of-year information with millisecond, micro-
ng nanosecond resolution by gata handling and instrumentation
L eing systéems makes the use of parallel_time codes highly desirable
* lation of data with time. The intent of this document is to

The
"cond a

[} v Corre . . .
-iov‘de ground rules for maximum compatability between present and
P re time generating equipment ana the user interface (spaceborne

,nc ground systems).

A1l timing equipment for new installations where paraliel time 1s
Lesurred snall follow this standard. For those ranges and facilities
onere large investment in parallel time generating equipment nhas
. ready been made, the changgover to the new standard parallel time
coces can be made over a period of years as equipment is replaced or
us new equipment is installed to meet timing requirements.

vre agesignations or nomenclatures for the codes in this stanadard
sere selected so as to minimize the impact on existing documentation
anc to conform to what has become standard notation. This standard
s~culd pe adherea to even though use of the parallel time codes may be
“.gitec 'nit1ally to the selection of one code or even particular

rtions of a code because of a lack of equipment to generate the
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FOREWORD

The neeg¢ for time-of-year information with millisecond, micro-
second and nanosecond resoclution py datd handling and instrumentation
timing systems makes the use of paraliel time codes highly desirable
for correlation of data with time. The intent of this document is to
provide ground rules for maximum compatability between present and
future time generating equipment and the user interface (spaceborne
and ground systems).

All timing equipment for new installations where parallel time is
required shall follow this standard. For those ranges and facilities
whnere large investment in parallel time generating equipment has
already been made, the changeover to the new standard parallel time
codes can be made over a period of years as equipment is replaced or }
as new equipment is installed to meet timing requirements. 1

The designations or nomenclatures for the codes in this standarda
were selected so as to minimize the impact on existing documentation
and to conform to what has become standard notation. This standard
should be adhered to even though use of the parallel time codes may be
Timited initially to the selection of one code or even particular
portions of a code because of a lack of equipment to generate the
complete code.
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Abbreviation Term
y year
d day
h hour
m minyte
S secona
ms millisecond (lu=3s)
s microsecona (10°%s)
ns nanosecona (1079s)
ps picosecona (lu=l¢s)
pps pulses per second
JD Julian Day (Date)
MJD Modified Julian Day (Date)
TJO Truncatea Julian Day (Jate)
Mo Month
Jo¥ Uay-of-year
DoM Day-of-month
HoU Hours-of-day
MoH Minutes-of-hour
SoD Seconds~-ot-ddy (db.4x103)
MoD Milliseconds-of-day (86.3x1u%]
MioD Microseconds-0f-day (36.4xiu?:
NoD Nanoseconds-of-day igb.4xiu+¢)
oS Milliseconds-of-secend (.UUL 5
Mioll Microseconds-of-millisecond (.uul ns,
Nomi Nanuseconds-of-microsecond .JJdi as, :
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o Code Name

‘ FB1 Parallel Binary Millisecona Time Coce
.o PB1-A Parallel Binary Microsecona Time Code
\ PB1-8 Parallel Binary Nanosecond Time Code

P83 Parallel Grouped Binary Microsecona
Time Code

i -

F AN

P83-A Paralliel Grouped Binary Nanosecond
Time Code

R

PB4 Parallel Grouped Binary Millisecond/
Microsecond Time Code

I..)\)s)...:'. ‘\

PB4-A Parallel Grouped Binary Millisecond/
Microsecond/Nanosecond Time Code

PBS Parallel Grouped Binary TJD
Nanosecond Time Code
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PBCO1 Parallel Binary Coded Decimal
Millisecona Time Coae

»

L -

PBCD1-A Parallel Binary Coded Decimal
Microsecond Time (Code
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PB1
PB1-A

Pul-8

PB4

PB4-A

P85

PBCO1

PBCDL-A

PBCDLl-B

SUMMARY OF PARALLEL TIME CODES

PB TIME CODES

Day-of-Year, Milliseconds-of-Day
Day-of-Year, Microseconds-of-Day
Day-of-Year, Nanoseconds-of-Day
Open for future codes

Day-of-Year, Secunds~of-Uay, Milliseconds-of-Second,
Microseconds-of-Millisecona

Day-of-Year, Seconds-of-Day, Milliseconas-of-Secona,
Microseconds-of-tMillisecond, Nanoseconds-of-Microsecona

Day-of-Year, Milliseconus-of-bay, Microseconus-of-
Millisecond

Day-of-Year, Milliseconds-of-Day, Microseconds-of-
Millisecond, Nanoseconds-of-Microsecond

Truncated Julian Day, Seconds-of-Day, Milliseconds-or-

Second, Microseconds-of-Millisecond, Nanoseconds-of
Microsecond

PBCD TIME CODES

Day-of-Year, Hours-of-Day, Minutes-of-Hour, Seconas-of-
dinute, Milliseconds-of-Second

Day-of-Year, Hours-of-Day, Minutes-of-Hour, Seconds-of-
Minute, Millisecunds-of-Second, Microseconds=-ofr-
Millisecond

Day-of-Year, Hours-of-UDay, Minutes-of-Hour, Seconas-of-
Minute, Milliseconds-of-Second, Microseconds-of-
Millisecond, Nanovseconas-of-Microsecond
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DEFINITIOQONS

The following terms are used in this document:

ACCURACY -+ Systematic uncertainty (deviation) of a measurea value
with respect to a stanagard reference.

BINARY COUED DECIMAL (BCD) -- A numberinyg system which uses decimal
digits encoded in a binary representation (8n 4n 2n 1n) where n=1,
lo, 10U, 1x, lOK...N. Time code digit values less than N are
considered zero and are encoded as a binary "0" (see tables III ang
[V, appenaix B).

BINARY NUMBER SYSTEM =-- A numberiny system which has two as its base
and uses two symbols, usually denoted by 0 and 1 (see tables [l ana
[V, appenaix B).

81T (element) -- An abbreviation of binary or binary coded decimal
digits of which a worada or subword is composed.

BIT TRANSITION TIME -- The time required for a bit in the tine code or
subword to change from one logic level to the next, that is, a loyic 0
to a logic 1 or vice versa.

[UENTIFICATION BITS (ID) -- Bits with a fixed state {Toyic level)
used for time code identification.

INHIBIT/READ BIT -- A Dit ygyenerated with the time code whicn pronioits
a user from reaaing the code during the time code update.

INSTRUMENTATION TIMING =-- A parameter serving as the fundamental
independent variable in terms of which data may be correlated.

LEAP SECUMD -- See appendix A.

LEAP fYEAR -- See appendix A,

LSB -- Least siynificant pit.

MSB -- Most significant bit,.

X 11




ON-TIME -- The state of any bit being coincident with the Standard
Time Reference (U. S. Naval Observatory or National Bureau of
Standards).

PARITY BIT -- Confidence bits derived from and generated with tne pits
in the time code word or subword.

PRECISION -- An agreement of measurement with respect to a defined
value.

RESQLUTION (of a time coade) -- The smalliest increment or time or leas:
significant bit which can be defined by a time code word or subword,.

SECOND -- Basic unit of time or time interval 1n the International
System of Units {(SI) which is equal to 9 192 631 770 periods of
radiation corresponding to the transition between the two nyperfine
levels of the ground state of Cesium 133.

SUBWORD -- A subaivision of the time code word containinyg only one
type of time unit, for example, days, milliseconds or microseconds.

TIME CODE -- A system of symbols used for identifying specitic
instants of time.

TIME CODE WORD -- A specific set of time code symbols wnicn iadenzir,

one instant of time. A time code word may be subdivided 1ntd sudwerid:

TIME REFERENCE -- The Dasic repetition rate chosen as tne cCoamon Tiae
reference for all instrumentation timing (wsuallv 1 ppsi.

Truncated Julian Day (TJD) -- The TJD is usea by the scientirig
community for recording astronomical and historical events and for
archival data storage ana is useful in the space sciences dreq. Tne
TJD has an epocn of 24 May 1968 with a repetition periog (recycle
time) of 10,000 days (27.379 years) and will recycle 4 yctover [ 44s

{see table [, appendix B).

y == The 1nitial time 0" 0™ U% | January.
{} -- Logic 1 or true (bit nign).

-- Logic O or false (bit low).

"V -- Pefk-to-peak transition of voltage bDetwexn v oang - I BRI
as (vY-ytl),
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GLOSSARY OF SELECTED TIME TERMS

These definitions of time-related terms are useful in under-
standiny the text of the standard and the relationship between Varlious
time scales.

EPUCH -- signifies the beginning of an event or era.

TIME INTERVAL -~ 1is the duration between two instants read on the same
time scale.

TIME SCALE -- is a reference system for specirying occurrences witn
respect to time.

SOLAR TIME -- 1s based on tne rotation of the edrtn about tne sun.

SIDEREAL TIME -- is determined and defineda by observations of the
earth with respect to tne stars. A mean sidereal day 1s approximately
23N 56M 4.09S. A solar year contains 366.24 sidereal days.

EPHEMERIS TIME (ET) -- is optained from obDservations of the motion of
the moon about the earth.

UNIVERSAL TIME (UT) -~ is the mean soldr time of the prime meridian
plus 12", determined Ly measuring the angular position of the edrtn
about its axis. Tne U7 is sometimes desiynated GMT, but this desiyng-
tion should be avoided. Communicators use the designation "Z" or Zulu
ror UT.

UTU =-- measures JT with respect to the observer's meridan (positiun an
earth) which varies because of polar motion.

4Tl == 15 UTU corrected for variations in the polar motion d4nd 15

nroportional to the rotation of the earth in space. [n their montniy
"Circular-D," tne Buredu [nternational de l-Heure (glH) publisnes tne
current values of UTl with respect to [nternational Atomic Time 73],

yT2 -- is UT1l corrected empirically for annual ana semidnnual vi<y .
tions in the rotation rate of the earth. The maximum correcoicn 1,
aoout 30 ws.
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TIME UNIVERSAL COORUINATED (UTC) -- 1s maintained by the Bureau
International de V'reure (Blh) which roruws tne basis of a coordingtzc
dissemination of stangard frequencies and time signals. A YTC clocx
nas the same rate a TA| clock goes but differs by an integral numper
of seconds. The step-time adjustments are called "leap seconds.”
Leap seconds are subDtracted or gqaded to UTL to keep in synchronism
with UT1l to within +0.9 second (see appendix A).

DUT1 -- is the predicted differences between UTL ana UTC ana 15 grven
by DUTl = UTl-uTC.

INTERNATIUNAL ATUMIC TIME (TAI) -~ An atomic time scale based on 2473
from a worldwide set of clocks and is the internationally ayreea to
time reference. Tne TA[l 1is maintained by BIH, Paris, France. [ts
epoch was set such that TAl was in approximate agreement with LTl on
1 January 1958.

[NTERNATIONAL ATQOMIC TIME (TAl) TIiE CUDE =-- The TAIl time code
represents a binary count of the elasped time 1n seconds since the

1l January l95s epocn. The Buredau I[nternational de 1'Heure (BiH), tne
United States Naval Observatory (USNO) and otner national observa-
tories ang laboratories maintained this count which 1s a very larye
number accumulating at 86,400 seconds per day.

JULIAN DAY NUMBER (JDN) -- A nuwber of a specific day from a contin-
uous day count having an initial epoch of 12 hours UT on 1 January
4713 B.C.--tne start of Julian Day zeru.

txample: Thne day extending from 190U January J.5 days J7 to lyuou
January 1.5 days uT nas tne number Z234135U2V.

MODIFIED JULiAN DATE (MJD) -+ 1s the Julian Day less 2 400 uUUU.> dJays.

. TRUNCATED GULIAN DAY (TSD) =~ Tne JDN 2 440 UUU.5 occurred on 24 May

¢ 1408 and defines the oriyin of the Tul time scale used in tne PYZ time
" Cude,
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INTRODUCTION

Present and proposed communication systems, missile and
spacecraft tracking, and data handling systems require real-time
parallel formatteg time that will erficiently 1nterface between the
timing system (time source) and the users. Standardization of
parallel time cuaes is necessary to meet the needs of automated
{(computer countrolled) data nanuling equipment, to provide reliavple
time tayging of events in a binary format, and to ensure system
compatibility amonyg spacecraft projects, ground networks, data
processing facilities, and the various international cooperative
projects.

Tnis standarda defines tne characteristics of tne pardailel Dinary
and paralle) binary coded decimal time codes. The selected codes
contain most, if not all the features, of the various parallel binary
time codes presently in use. Only those portions of a code requireu
for existing application need be usea. This point 1s 1mportant
because it permits simplifying the code and its use and allows the use
of various portions (resoiution) of the coges as desired.

The task of standardizing parallel binary time codes was assiynea
to the Telecommunications Group (TCG) of the Ranye Commanders Council
(RCC) by the Executive Committee in June 1972. The first document,
IRIG Stéandard 128-73, contained PBl, PB2, and PB3 time codes. Time
code PB4 was adaeda to the family of parallel codes in [RIG Staadaru
205-77 (formerly 128-77).

The present addition ot coudes to gocument 205-77 includes four
parallel binary time codes, PBl-B, PB3-A, PB4-A and PB5, and three
parallel binary coded decimal time codes, PBCD1l, PBCUL-A and PBLDLl-B.
Tne aadition of these codes gives miilisecond, microsecond and
nanosecong resoiutions in parallel binary and parallel vinary coded
decimal formats.

NOTE: Tne PBZ2 time code nomenclature is redesigygnated PBl1-A 50 that
the PBl family of codes include ms, aus and ns resolutions. The PB2
destynation snall remain open for a possible family of future codes.

This standard reflects the state-of-the-art and is not intendead to
constrain researcn and development in the area. The stanaard will be
revised as required.
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Py 1.0 GENERAL DESCRIPTION QF TIME CODE
CRRN -
ﬂi This standard describes three parallel binary time codes, five
5 parallel groupea binary time codes and tnree parallel Dinary coded
decimal time codes. Al1l contain day-of-year information with various
:ﬁ resolutions incluaing nours, minutes, seconds, milliseconds, micro-
2 seconds, and nanoseconds.
I‘..'
'}ﬂ 1.1 PARALLEL BINARY MILLISECOND TIME CODE (PB1)
: ) The 36-bit parallel binary time code word contains binary day-of-
LAl year and binary milliseconds-of-day information.
’
'E; 1.2 PARALLEL BINARY MICROSECOND TIME CODE (PB1-A)
b
i L
o The 4o-bit parallel binary time code word contains binary day-uf-
! year and binary microseconds-of-day information.
N‘.‘
t;: 1.3 PARALLEL BINARY NANOSECOND TIME CODE (PB1-B)
oy
P The 56-bit parallel DbDinary time code word contains binary dav-or-
W year ana binary nanoseconds-of-day intormation.
:ﬁj 1.4 PARALLEL GROUPED BINARY MICROSECOND TIME CODE (PB3)
*:Ef The 4o-bit parallel grouped binary time coue word contains binary
25 day-of-year, binary seconds-of-day, binary milliseconds-ot-second
i*' (.0uUls) and binary microseconds-of-millisecoena (.u0lms) informatiun.
ij 1.5 PARALLEL GROUPED BINARY NANOSECOND TIME CODE (PB3-A)
e
o The 56-bit parallel yrouped Dinary time code word contains Dinary
:vj day-of-year, binary seconds-of-day, binary milliseconds-ot-second
2 (.0uls), binary wuicroseconds-ofr-millisecond (.ullms) and brnary
J nanoseconds-of-microsecond (.00l us) information.
Oy
’*E 1.6 PARALLEL GROUPED BINARY MILLISECOND/MICROSECOND TIME CODE (PB4)
: N The 46-bit parallel grouped binary time code word conta:ins binar,
2. day-of-year, binary milliseconds-of-day and bDindry microseconds-ot-
_’? millisecond (.00lms) information.
o
;ﬁ{ 1.7 PARALLEL GROUPED BINARY MILLISECOND/MICROSECOND/NANOSECOND TIME
o CODE "[PBA-AT
-" x;
v _ The S50-bit parallel groupea binary time code word contains vinary
,’” day-of-year, binary milliseconds-of-day, binary microseconds-or-
d » millisecond (.0ulms;, anada pinary nanoseconds-of-micrusecond 1.0UL usi
:“2 information.
y::’.’ )
W 1.8 PARALLEL GROUPED BINARY TJD NANOSECOND TIME CODE (PB5)
, The o6l-bit parallel grouped binary tiwme code countains Truncated
{k Julian Day, binary seconus-ot-day, oinary milliscconds-of-secony
L)
\
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(.00ls), binary microseconas-of-millisecond (.0Ulms}), and bLinary
nanoseconds-of-microsecond (.0U0lus) information.

1.9 PARALLEL BINARY CODED DECIMAL MILLISECOND TIME CODE (PBCD1)

The 42-bit parallel bpinary coded decimal time code word contains *
day-of-year, hours, minutes, seconds, and milliseconds~-of-second !
{.001ls) information. j

1.10 PARALLEL BINARY CODED DECIMAL MICROSECOND TIME CODE (PBCDl-A)

The 54-bit parallel binary coded decimal time code word contains
day-of-year, hours, minutes, seconds, milliseconds-of-second (.UU0ls),
and microsecondas-of-millisecond (.00lms) information.

1.11 PARALLEL BINARY CODED DECIMAL NANOSECOND TIME CODE (PBCD1-8B)

The 66-bit parallel binary coded decimal time code word cuntains
dgay-of-year, hours, minutes, seconds, milliseconds-of-second (.001ls),
and microseconds-of-millisecond (.00lms), and nancoseconds-of-micro-
second (.001us) information.

2.0 FORMATS (GENERAL)

An overview of tne parallel time codes is described below.

2.1 TIME CODE WORD STRUCTURE

The basic time code word is composed of subwords. FEach subwora
is formed by binary vits (elements) which determine the granularity
{resolution) of the time code subword. Each subwora represents a
particular resolution of the time being identitied. For example, tne
P8l family of codes contains as part of their basic word structure, 3
subword composed of 9 bits for binary day-of-year information. #31
also contains 27 bits for binary milliseconds-of-day. PBl-A ana Pgi-8
extend PB! to microsecond and nanosecond resolution.

The parallel yrouped binary coaes PBJ and PB3-A both contain
9-0its day-of-year, l7-bits seconds-of-day, lU-bits milliseconds-of-
secona, and lU~bits microseconds~-of-millisecond. PB3-A extenuds PBJ %o
nanosecond resolution. The PBS time code is identical to PB3-A excent
that it contains TJU rather than DLoY in 1ts format.

The family of PBCDl codes all contain 10-bits BCD day-of-year
information with hours (bn-bits BCD), minutes (7-bits BCD), seconds
(7-bits BCD), and 12-bits milliseconds-of-second (.00ls) information,
The PBLDL1-A and P3(CD1-B extena PBLOLl to microusecond and ndngsecand
resolution.

A feature of the nanosecond codes (excluding PR1-8) 15 tnat the.
can all be truncatea at any desirable resolution. For example, tne
PB4-A time code wnich nas nanosecond resolution can be truncated at
microseconds to provide milliseconds-of-day resclution.
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2.2 INHIBIT/READ BIT

An innibit/read bit (pulse) is generatea with edch coae for
optional use by external equipment interfacing with the time code
source and is not propagated beyond the first interface. The purpose
of the inhibit/read pulse is to prevent tnhe user of the time cove frow
reading the code immeaiately prior to and Just after the time coue
update. The inhibit pulse occurs at the appropriate rate for tne
various codes, usually at the coage upaate rate.

2.3 PARITY BIT
Parity bits are generated with each time code for optional use oy
external devices when users desire a deygree of confidgence 1n tne

correct transmission of the time code (see table V[, appendix 38].

2.4 CODE IDENTIFICATION BITS

[dentification (ID) bits are estaplishead for each time code for
ogtional use by external devices when users desire to distinguish one
tiime code from another {within a family) by noting the fixed state
(logic level) of the [D bits (see table V, appendix B).

2.5 TIME CODE WURD BIT DESIGNATION

.

A

]

The LSB in the time code word format is the lowest granularity
bit within a subword. The MSB is the highest granularity bit witnin
eacnh subword. For example, the LSBE for the binary codes is tne (2Y,
bit and the MSB is the (2") bit. Each subword, therefore, contains
(n+l) bits. In a pictorial presentation of the codes, tne MSB 15
shown on the left and the LSB on tne right of eacn subword.

Y u

3.0 SIGNAL CHARACTERISTICS

For each parallel time code, the siqnal nas the followiny
cnaracteristics.

3.1 BIT LEVEL (TRUE/FALSE CONVENTION)

Positive logic is standard. [f the voltage level of an output
data bit is high, the indicatign is true. For the binary codes, laogie
1 is true and logic U is false. The same is true for the 8(OD codes.
The true voltage level (V) is always more positive than tne filse
voltage level vy (see figure 1).

3.2 VOLTAGE LEVEL TULERANCE

Tne voltage level tolerance at eitner loyic 1 (Vi) or oyl
shall not exceed 15 percent of the ditference between logic lev
{2 V.
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Figure 1. Bit voltage level transition.

¢ 3.3 BIT TRANSITON

Overshoot ana undershoot during each bit transition snall not
! exceed 10 percent of the final steady-state value.

3.4 BIT TRANSITION TIME

- The voltage level change of a11 bits from the time coude gjeneratoyr
. (rise and fall time) of the parallel data from true to false or vice

B versa shall occur within 200 picosecondsl for the nanosecond ccdes,

" within 200 nanoseconds for the microsecond codes and witnin | micro-
second for tne millisecond codes.

3.5 CODE RIPPLE-DOWN TIME

The total counter ripple-down time (update) in a time code yen-
erator from LSB to the MSB f?r the nanosecond codes shall not be

-3 greater than 300 picoseconds® and 30U nanoseconds for the microsecond

| and miilisecond codes.

¥
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K ‘yne nundrea picoseconda rise times or sub-nanosecond code update of the parallel <ime
p- worg LSB for the nanosecond codes may not be within the practical state-of-the-ar<

. for many haraware/software systems/iogic families. However, update of the ndanoseconc
k- coges coulad be at other intervals such as lUns or lUUns. Sub-nanosecond innibit, read
pulses may also be aifficult to yenerate. These pulses can also occur at a luns or

Yy 100ns rate to be compatible with the code update rate. As the state-of-the-art

KN advances for high speed logic, higher data rates can be achieved.
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3.6 INHIBIT/READ BIT PULSE CHARACTERISTICS

The inhibit/read pulse for the nanosecond codes shall not excCeed
5ud picoseconasl. The innibit/read pulse for the microseconad codes
shall not exceed 500 nanoseconds, and tne inhibit/read pulse fur the
mil1lisacona codes shall not exceed LUU microsecaonas.

The leading edge of the inhibit/read pulse 1s coincident wiftn or
sligntly anead of the on-time bDits. For the 1nnid1t Condition, tne
bit is hiyn. For the reag condition, the bit 15 Jow as shown 17 tn=
various time coace timinyg charts. (For examples, see rtigures 2, 5
and 7).

3.7 PARITY BIT LUOGIC LEVEL

Udd parity is adopted in tnis standard; that is, a parity D1U 153
true (1ogic 1) when the code pits it spans have an even number of 211
true.

E

4.0 FORMATS (SPECIFIC)

A dgetailed description of inaiviaual time codes 15 descrives i1
the following paragraphs.

4.1 PARALLEL BINARY MILLISECOND TIME CODE (PB1l)

Tne PBl time code format is shown in fiqure 2A. The time cgcs
word 1s composed Ot two subwords.

Subwora one contains Y bits for b1nary gay-of-year (DoY). Tne
LSB is tne 2V pits and tne S8 is tne 28 bit. The range of Dof 13

1

I througn 305 (Jbo for leap year).

Subword two contains 27 bits for binary milliseconds-of-da . e

_5B is tne 2V and tne MSB is the 229 bit. Tne rangye of miiliseconus-
cf-aay s U througn co 3yy 999

Two oda parity Dits (¥} and Pp) are yenerated. P] 15 yenersted
from the Y-Dit UoY and tne 2/-bit milliseconds-of-day. P, 'S jener-
ated from tne ¢7-pit millisecond-of-day (see table [V, appendix s3..

Three [D bits (U, 0, 1) are generated for code identificazion
(see pardayrapn 2.4,

Fiqure 2B snows time code daisplays for times t; (LDoY 1] ang <,
(DoY 3b65). Als50 shown is the state {levels) of tne parity pDits for
eacn time displayea and tne [0 bits.

Figure 3 shows the PBl time code L3 configuration (logic levael:
for UoY anda milliseconds-of-day starting at time ty foiloweu D. T .
ti...tp.p (JoY S0d) ana t, (uof s03). Tne inni1bit,/read DIL tiwe
position is also shown.

P I
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4.2 PARALLEL BINARY MICROSECOND TIME CODE (PB1-A)

The PBl-A time code format is shown in figure 4A. The time code
word 1s made up of two suoworas.

Subword one containg 9 bits for binary DoY. Tne LSs is the 29
bit and the MSB is the 2° bit. The range of DoY is 1 throuyn 03 1lno
for leap year).

Subword two contains 37 Dits for binary microseconds-o0r-gay. 1ne
LSB is the 20 bit and tne MS8 is the 235 bit. The range of micro-
seconds-of-day is U tnrough o6 399 999 999.

Two odd parity bits (P, and Py) are denerated. Py 15 yenerated
from tne 9-0it DoY and the 37-bit microseconds-of-day. P, is yener-
ated from the 37 bit microseconds-of-day (see paragraph 35.7].

Three ID bits (0, 1, 1) are yenerated for code identification
(see paragraph 2.4).

Figure 4B snows time code displays for times ty (Dof 1) and t,
DoY 365). Also shown is the state of the parity bDits for eacn time
aisplayed and tne [D bits.

Figyure 5 shows tne PBl-A time code LSB configuration (loyic
levels) for DoY ana microseconds-of-day starting at the time t,

followed by tl’ tz, t3--'tn-l (DoY 364) and tn {DoY 3o35). Tne
innibit/read bit time position is also shown.

4.3 PARALLEL BINARY NANOSECOND TIME CODE (PB1-8B)

The PBl-B time code format is shown in figqure vA. The time cuvae
word is made up Of two subwords.

Suuword one contains 9 bits for binary DoY. The LSL 135 tne oY
bit and the MS3 is the 2% bit. The range JoY is 1 through 3b5 i(Joo
for ledp yearj.

Subword two contains 47 bits for Dinary nanoseconus-of-day. The
LS8 is the 20 bit and the MSB is the 240 bit. The range of nano-
seconds-of-aday is 0 through 86 399 999 999 999.

l“
P

Two odd parity bits (P} and Py) are generated. ?:. 15 yeneratel
from tne 9-01t UoY ang the d47-p1t nanoseconds-of-day. P, i35 jgenerated

o
"
4 . N
ﬁ: from tne 47 bit nanoseconds-of-day.
23 Tnree [0 bits (1, U, 1) are generated for c¢ode identiricatioun.
N
e Figure 68 shows time code displays for times t, (Do 1) and t,
N (Dof 365). Also snow is tne state (level) of the pdarity DILs tor =auh
v time displayed and the [D bits.
s Figure 7 snows tne PB1-8 time code LSEB configuration (louic
o levels) for DoY and nanoseconds-of-dday starting at time t, followed 0.
.
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ty, t

2, t3...ty.1 (DoY 3b4) and t, (DoY 365). The inhibit/read pit
time posi%ion

S also shown,

-3

4.4 PARALLEL GROUPED BINARY MICROSECOND TIME CODE (PB3)

The PB3 time code format is shown in figure 8A. The time code
wora is made up of four subwords.

Subword one contains 9 pits for binary DoY. The LSs is tne 2V
byt and the MSB is tne 2% bit. The range of DoY is L througn 305
(300 for leap year).

Subword two contains 17 bits for binary seconds-of-day. Tne .S
is the 20 bit ana the MSB is the 2!° bit. The range of seconds-of-aay
is U through 86 399,

Subword tnree contains 10 bits for milliseconds-of-second
(.U0ls). The LSB is tne 29 bit and the MSB is the 29 bi1t. Tne range
of milliseconds-of-secona is U tnrough 99y.

Subword four contains 10 bits of microseconas-of-millisecond
(.00lms). The LSB is the 2V bic and the MSB is tne 29 bit. Tne range
of microseconds-of-nillisecona 1s 0 through 999,

Three o0dd parity bdits (Py, Pp, P3) are generatea. Py 1s gen-
erated from tne 9-bit DoY, 17-bit seconds-of-day, 10-bit milliseconds-
of-second, and the 10-bit microseconds-of-millisecong. PZ is ygen-
erated from the 17-bit seconds-of-aay and 10-bit milliseconds-of-
second. Py is generatea from the lu-bit milliseconds-of-secona and
the 10-bit microseconds-of-millisecond.

Three D bits (u, 1, 1) are generated for code icentificaticn.

Figure 8B shows time code displays for times t, (DoY 1) ang =,
(DoY 3065). Also snown 15 the state of the parity bits for edach time

dispiayed and tne D pits.

Figqure 9 shows the PB3 time code LSB configuration (logic level
for oY, seconds-of-day, milliseconds-of-second and mMicroseconds-or-
millisecond starting at time t- followed by t), tp, t3...th_: (UoOY
364) and t, (DoY 365). The inhibpit/redd oit time position 135 also
snown.

4.5 PARALLEL GROUPED BINARY NANOSECOND TIME CODE (PB3-A)

The P83-A time code format 15 shown 1n figure lUA. Tne tiae (ode
wOrd 13 made uv Of tive subworus.

3 [P I -

bit and the 4S8 15 tne 2% bpit. Tne range of oY is | tnrougn o3 0o
tor leap year).

Subword one contains 3 bits faor binary Lov., The LS8 1, tne v

Subword two contains 17 bits for birary seconds-of-day. Tne i
is the 2Y pit and tne MSB is the 2!° bit. The range of 3eConds-orea,
15 U through &b 394,
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Subword c¢nree contains 10 bits for milliseconds-of-second
(.00ls). The LSB is tne 2Y bit and the MSB is the 29 bit. The range
of milliseconds-of-second is O through 999.

Subword four contains 10 bits for microseconds-of-millisecona
(.00lms). The LSB is the 29 bit and the MSB is the 29 bit. The range
of microseconds-of-millisecond is Q0 through 999.

Subword five contains 10 bits for nanoseconds-of-microsecond
(.00lus). The LSB is the 20 bit and the MSB is tne 29 bit. The range
of nanoseconds-of-microsecond is 0 through 999.

Four odd parity bits (Py, Py, P3, and Py) are generated. P is
generated from the 9-bit DoY, l7-bit seconds-of-day, l0U-0it m11+1-
seconds-of-second, 10-bit microseconds-of-millisecond, and lu-bit
nanoseconds-of-microsecond. Py is generated from 17-bit seconds-of-
day and lu-bit milliseconds-of-second. P35 is generated from lu-bit
milliseconds-of-second and 10-bit microseconds-of-millisecona. Py 1s
generated from 10-bit nanoseconds-of-microsecond. -

Three ID bits (1, 1, 1) are generated for code identification.

Figure 1uB shows time code displays for times ty (DoY 1) anda t,
(DoY 365). Tne state of the parity bits and ID bits are also shown.

Figure 11 shows the PB3-A time code LSB configuration (loygic
levels) for DoY, seconds-of-day, milliseconds-of-second (.00ls),
microseconds-of-millisecond (.00lms), d4and nanoseconds-of-microsecond
(.00lus) starting at time ty followed by ty, tp, t3...t; (DoY 364)
and t, (DoY 365). The inhigit/read bit time position is also shown.

4.6 PARALLEL GROUPED BINARY MILLISECOND/MICROSECOND TIME CODE (PB4)

The PB4 time code format is shown in figure 12A. The code wora
is composed of three subwords.

Subword one contains 9 bits for binary DoY. The LS8 is the 2V

oit and the MSB is the 2% bit. The range of DoY is 0 through Jb3 (‘oo
for leap year).

Subword two contains 27 bits for binary milliseconds-of-day. Tne
LS8 is tne 20 bit and the MS3 is the 2¢° bit. The range of milli-
seconds-of-day is U through db 399 99y

Subword three contains 10 bits for microseconds-or-millisecona
(.uUlms). The LSB is tne 2Y bit and the “SB is tne 27 bit. The ranjge
of microsecondas-of-millisecond is U tnrough 999,

Two odd parity oits (P, and P,) are generated. Pl Vs generated
from tne 3-bit DoY 4nd 27-d1t milliseconds-of-day. P, 15 generated
from the 27-pit milliseconds-0f-day and lu-bit microseconds-ot-
millisecond.

Four [0 pits (U, LI, U, U) are generated for code identification.
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- Figure 12B shows time code displays for times ty (DoY 1) ana t,

- (DoY 365). Also shown is the state of the parity ang ID bits.

> Figure 13 snows the PB4 time code LSB configuration (logic

~A levels) for DoY, milliseconds-of-day and microseconds-of-milliseconu

ko starting at time ty followed by ty, ty, t3...ty.} (DoY 304) and t,

~ (DoY 365). The inhibit/read bit %ime position is also shown.

~ : 4.7 PARALLEL GROUPED BINARY MILLISECOND/MICROSECOND/NANOSECOND TIME

X CODE (PB4-A)

- The PB4-A time coae format is shown in figure 14A. The time code

W word is composed of four subwords.

- Subwora one contains 9 bits for binary DoY. The LSy is the 2V

; bit and the MSB is the 28 bit. The range of DoY is 1 through 35

s (366 for leap year).

w

L Subword two contains 27 bits for binary milliseconrds-of-day. Tne

2 LSB bit is the 20 and the MSB is the 220 bit. The range of milli-

N seconds-of-day is O through 86 399 999.

_g Subword three containa 10 bits for microseconds-of-millisecond

2 (.00lms) The LSB is the 2Y bit anu the MSB is the 27 bit. Tne range

) of microseconds-of-millisecond is (0 through 999.

;ﬂ; Subword four contains 10 bits for nanoseconds-of-microsecond

{ (.001us). The LSB is the 2V and the MSB is the 27 bit. The range of

. nanoseconds-of-microsecond is 0 through 999.

- Three odd parity bits (P;, Pp, P3) are generated. P 1s gen-

.- erated from the 9-bit DoY, 27-bit mi]?iseconds-of-day, 1d-bit micro-
seconds-of-millisecond and 10-bit nanoseconds-of-microsecond. Py 153
generated from 27-bit milliseconds-of-day and 10-bit microseconds-of-

, miliisecond. Pq 15 generated from 10-bit microseconds-of-milliseconag

e and lu-bit nanoseconds-of-microsecond.

‘3 Four ID bits (1, 1, O, 0) are generated for code identificatioun.

<

-4 Figure 148 shows the time code displays for times ty (DoY 1) and

o tn, (DoY 365). Also shown is the state of the parity and [D bits.

N Figure 15 shows the PB4-A time code LSB configuration (loyic

j: levels) for DoY, milliseconds-of-day, microseconds~-of-millisecond ana

R nanoseconds-of-microsecond starting at time t; followed by t», t3,

e tg...tp.y (DoY 364) and ty, (DoY 365). The inhibit/read bit Eime

2 position is also shown.

A

T

- 4.3 PARALLEL GROUPED BINARY TJD NANOSECOND TIME CODE (PBS)

"y

:j The PBS time code uses Truncated Julian Day (TJD) rather tnan

P Day-of-Year.

it The PBS5 time cocde format is shown in figure loA. The time coade

N word is composed of five subwords.

oy
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Subwora one containi 14 vits for binary TJU. The LSE 1s the 2U
bit and the MSB is the 213 bit. The range of TJD is from an epocn of
24 May 1968 repeated every 10,000 days or 27.379 years.

Subwora two contains 17 bits for binary seconds-of day. The LSB
is the 2V bit and the MSB is tne 210 bit. The range of seconds-o0f-day
is 0 through 36 399.

Subworda three contains 10 bits for binary milliseconds-of-seconc
(.001ls). The range of milliseconds-of-second is from O through 999.

Subword four contains 10 bits for binary microseconds-of-milli-
second (.00lms). The range of microseconds-of-millisecond is U
tnrough 999.

Subwora five contains 10U bits for binary nanoseconas-of-micro-
second (.U0lxs). The range of nanoseconds-of-microseconda 1s U tnrouyn
999.

Four oda parity bits (P;, Py, P3, P4) are generatea. Py s
generated from the l4-bit TJ&, l%-bi% seconds-ot-dday, lU=-bit milli-
seconds-of-second, 10-bit microseconds-of-millisecond, ana lu-b1t nano-
seconds-of-microsecond. P, is generated from l7-bit seconds-of-day
and lUu-oit milliseconds-of-second. P3 is generated from l0-bit milli-

seconds-of-second and lu-bit microseconds-of-millisecond. Py is gen-
erated from 10-bit nanoseconuds-of-microsecond.

Three ID bits (1, O, 1) are generated for code identification.

Figure 16B shows the time coade displays for times ty (TJD o0d31)
and t, (TJD 6795). Also shown is the state of tne parity ana ID Dits.

l. L Suv ) x ‘.
TSI

Figure 17 shows the PBS5 time code LSB configuration (loyic
levels) for TJD, seconds-of-day, milliseconds-of-secona (.uUuls},
microseconds~-of-millisecond (.0ulms), and nanoseconds-of-microsecona
(.00lus) starting at time ty followed by ty, tp, t3...tn.], and
th.... The innibit/read bit time position is also shown,

4.9 PARALLEL BINARY CODED DECIMAL MILLISECOND TIME CODE (PBCDI1)

The PBCD1l time code format is shown in figure 18A. The time code
wora is composed of five subwords. Each subword 1s made up of B8CO
o1ts following stanaard notation of (1, 2, 4, 8)...{ln, 2n, d4n, &5n;
numbering system where n s 1, 11U, 100, 1K

Subword one contains luy BCD bits rtor DoY. The LSB 1s tnhe 5CY bit

<

o 1 and tne MSB i3 the 8CD bit 20U0. The range of DoY s 1| througn Jbs
-j ‘loo for leap year).
wy
i Subword two contains o HBCO bits for hours-of-das. The L 153 tne
e 8C2 b1t I and the MSB is tne 8CD bit 20. The range of hours-of-day 13
L] ,
. Jotnrouyh 23,
L )
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Subword three contains 7 BCD ovits for minutes-of-hour, Tne L>b
is the BCD bit 1 and the MSB is the BCD bit 40. The range of minutes-
of-hour is O tnrouygn 59.

Subword four contains 7 BCD pits for seconds-of-minute. Thne LSo
is the BCD bit 1 ana the MSB is the 8CD bit 40. The range of secongs-
of-minute 1< U through 59.

s aER S

Subword five contains 12 BCD bits for milliseconds»-of-secong
{.00Lls). The LSB is the BCD bit 1l and the MSB is the BCD byt sCU.
Tne range of milliseconds-of-second is 0 through 999.

Four odd parity bits (P;, Pp, P3, Pg) are generated. P 15
gyenerateg from tne lu-bit DoY, o-bit hours-of-day, 7-bit minutes-or-
hour, 7-bit seconds-of-minute, and 12-bit milliseconds-of second. P
is yenerated from b-Dit hours-of-day and 7-bDi1t minutes-of-nour. P31
generatea from 7-Dit minutes=of-hour and 7-bit seconds-of minute. Py
is generated from 12-p1t milliseconds-of-secong.

Three [D bits (U, O, 1) are generated for code igentification.

Figure 18B shows the time code displays for times ty, (DoY 1) anc
ty, (DoY 365). Also shown is the state of the parity and [D opits.

.

Figure 19 snows the PBCDl time code Lsb configuration (loyic
levels) for DoY, hours-of-day, minutes-of-hour, seconds-of-minute, ang
milliseconds-of-second starting at time tg followed by t}, t),
t3...tp.] (DoY 364) and t, (DoY 365). The inhibit/read bit time
position is also shown.

4.10 PARALLEL BINARY CODED DECIMAL MICROSECOND TIME CODE (PBCDI1-A)

The PBCDl-A time code format is shown in figure 2VUA. The tiue
Code word 15 cgmposed Of six subworas. Each subword 15 made up Of oLLJ
pbits following stanagard notation of (1, 2, 4, 8)...(1ln, 2n, dn, on’
numpbering system where n is i, lu, luu, 1g....

Subword one contains 10 BCD bits for DoV. The LSB s the LUCUu bit
1 and the MSB 1s the 3(CL bit 200. The range of DoY is 1| tnrougn jo>3
g (366 for leap year).

Subworga two contains & BCD bits for hours-of-day. The LBS 15 tne
; 3CD bit I and the MSB is the BCD bit 20. The range for hours-of-diy
y is 3 through 23.

Subword tnree contains 7 gCU bits for minutes-of-nour. Tne _>:
is the 3CD bit I and tne MSB 13 the 3CD bit 0. Tne range of @3nutes-.
of-hour 15 U tnrouygn 59,

Subwora four contains 7 BCD bits for seconds-of-minute. e L
is tne 8CD bit I and tne MSB 1s the BCD o1t d4U. The range orf secunds-
of-minute is U tnrough 59.

13
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Subword five contains 12 BCOU bits for milliseconus-of-second
(.0U0ls). The LSB is the BCD bit 1 and the MSB is the BCD oDit oUU.
The range of milliseconds-of-second is 0 through 999.

Subword six contains 12 BCD bits for microseconds=-of-millisecond
{.00lms). The LSB is the BCD bit 1 and the MSHB is tne 8CU bpit 30C.
The range of microseconds-of-millisecond is O through 999.

Four odd parity bits (Py, Pp, P3, Pg) are generatea. P1 is
generated from tne 10-bit DoY, 6-bit hours-of-day, 7-bit minutes-of-
hour, 7-bit seconds-of-minute, 12-bit milliseconds-of-second, and 12-
bit microseconds-of-millisecond. P, is generated from o5-bit nour-of-
day, 7-bit minutes-of-hour ana 7-bit seconds-of-minute. 73 1s gen-
erated frem 7-bit minutes-of-hour and 12-bit milliseconds-of-second.
Pg is generated from 7-bit seconds-of-minute and 12-bit microseconds-
of-millisecond.

Three [D bits (0, 1, 1) are generated for code identification.

Figure 208 shows the time code displays for times t, (JoY 1}
and t, (DoY 3bo5). Also shown is the state of parity and [U vits.

Figure 21 shows PBCDl-A time code LSB configuration {logic
levels) for DoY, nours-of-day, minutes-of-hour, seconds-of-minute,
milliseconds-of-second, and microseconds-of-millisecond starting at

time Lo followed by t y t3...tp.1 (DoY 364) and t, (DoY 3b65).
The g1bit/read bit klme pos1t1o is also shown.

4.11 PARALLEL BINARY CODED DECIMAL NANOSECOND TIME CODE (PBCD1-8)

The PBCDl-B time code format is shown in figure 22A. The time
code word is composed of seven subwords. Each subword is made up of
BCD bits following standard notation of (1, 2, 4, 3)...(1ln, 2, 4, 2n
numbering system wnere n is 1, lu, 100, lk....

Subword one contains LU B8CD bits for DoY. The LSB is the 3(CD b1t
l and the MS3 1s the BCD bit value 20U. The range ot J0Y 15 tnroyujn
365 (200 for leap year).

Subworu two contains 6 BCD bits for heurs-of-day. The LS8 is tne
8CD pit 1 and the MSB 1is tne 8CJ it 20. The range for hours-of-g14.
1s U tnrough 23.

ot-nour. Te __ ¢

Subword three contains 7 BCD bits for minutes-
The ranje H>f minytes-

is the BCD bit I anada the MS3 1is the B8CD bpit du.
of-hour 15 U tnrough 59.

Subword four contains 7 800 01t5 for seconds-o0ft-mingo. Tve
s the BCD bit 1 and the MSB is the BCZ bis Ju.  “he range ar 5o oni,.
of-minute 15 U througn 59.

Subword five contains 12 BCJT DIts tor millisecand;ofese0an.:
(.00ls). The LSB is the BCD bit 1 and the MSu 15 tne gig o1 ..

The range of milliseconds-ot-second 15 J tnrougn e,

14
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Subword six contains 12 BCD bits for microseconds-of-millisecong
(.00lms). The LSB is the BCD bit 1 and the MSB is the BCD bit gUU.
The range of microseconds-of-millisecond 1s U through Y99.

Subword seven contains 12 BCD bits for nanoseconds-of-
microsecond (.00lus). The LSB is the BCD bit 1 and tne MSB is tne
8CD bit 800. The range of nanoseconds-of-microsecond 1s O througn
999.

Four odd parity brts , Pg) are generated ;
generated from the 10-bit Do$ 6 b1t hour-of-day, 7-bit m1nufes of -
hour, 7-bit seconds-of-minute, 12-b1t milliseconds-of-Second, 12-.bit
microseconds-of-mi]l1second, and 12-bit nanoseconds-of-mi11lisecona.

PZ is generated from 6-bit hours-of-day, 7-bit minutes-of-nour ana 7-
b1t seconds-of-minute. P3 is generated from 7-0it minutes-of-hour,
12-bit milliseconas-of-second, and 12-b1t microseconds-of-millisecona.
Pg 1s generated from 7-bit seconds-of-minute, 12-bit milliseconas-of-
second and 12-b1t nanoseconds-of-microsecond.

Three ID bits (1, 0, 1) are generated for code i1dentificatiun.

Figure 228 shows the time code displays fcr times to iDoY 1 andg
t, (DoY 365). Also shown is the state of the parity and ID D1its.

Figure 23 shows the PBCDL1-B time code LSB configuration (logic
levels) for DoY, hours-of-day, minutes-of-hour, seconds-of-minute,
milliseconds-of-secona, microseconds-of-miliisecond, and nanoseconds-
of-microsecond starting at time tO followed by t;, thr, t3...tpn.

(DoY 364) and t, (DoY 365). The inhibit/redd bi% time position is
also shown.

i

N .r : AT N AT ,,-'_-_, Sl s AR e . _‘ A T e T AT T AT N

- — - . % S IR I T S - D) .J-'{-
_J_L.I.I‘i_.i. ) J{.LJJ-M&(‘.KM A-KA.(A-».L *{&A{Mxr&mj L% Atﬁi&ﬁ';ihh’hm‘hh‘h;:‘.“.‘AA‘.A -




INO SLHDY AV I4SIO) HDIH LI STV AN . It

Kh& RS KRGS 69 e

n n n a 1

< < w 1] Ly n) - " 1
LIS B BYRY R |

)_'.)_', .

S W YL

OO 000000000 00 0 (00 & (0 ® © 00 00 O 00
L OOIN0000000000000000000000CCCEANN SUTNSTCOIN N

" ‘

-..ul.-'_.v.’;.
aPatal

Y,

0 0 ar 0 €

>

—ar— AVA 40 SONOIISHTHIN ——————— - -~ - oo - — e e MY 1Y g ] e LM I

..ti_,
[

SAVIASIO FIAISSO4 Wi v

\:_\ A
P

»
v
' m e Aa

I aMOMANS [ TRY RS RES

A ! A

._,

L)

a0
5

.

LV ¢

|

-
-\.f:‘-l'

- L]

Y
o= A

d d 0 AVQO 40 SONODISEYIIWN SLIR 47 N i Hy 36 4y tel €110 &

2
2
n

-

-
Xw €3
~
~

-'_: ¢

v

o
by

't}

A

r

as7 asw|ag Ay

Fa

N
)

N

1YWHO04 3000 3w g ¥ 00T

PR
AL A AT A J
LY TS VS N W

<,

*
A

-'-
.

b

ada®mla

-f-f-qu-w- --:.-.-w.]-.\ Pd ' . .-\.u..-- oo \-\ R

S -~ - - v

\\.-\\\ Ly O T T -..J..ﬂfpfv-.?.-f-'luc.fv. J--d.-Jtd-.“s

I Ny * WIS .\ - L4 - .

' ‘ .I\”N'.\--



. a\
’ .\\
.
m.. e sdd 1wy ears pur opoa Gy Tag Haomy DOt ao s AN s aant g
' .
g
-
3
.
d (arak deyap a0 Qag) o J0 1UN0Y P gAY pE [ 0] 1050 .
1A Unon Lo sy H6G 6P O J0 1HNON B Ual e (1 07 S1A%A0 4ajunon ...,
j Kep-jo-su My sy e By 7Y A pArop o) AWl 10 S ] xau A
p .
. M ost Ty aup cAaenuer 1oy <0 0 g St My umogs awr oo Ay S
: .
4
w (\~l-

u —
1 =t 5 g, h 0,
| | | | | | ‘
! ! | I ! " .
1 | ] 1
f : i : _ | R,
_ e | ! | 9S7 A0Q IWIL NO
B | — mr £ 4 1 1  §
1 ! ! ) | !
g .— gS7 SW IWIL NO
- L
. . |-~ <*— aviy
! “ 119 Qv3Iy/1191HNI
J-_ ) ” \ - LIAIMNI

sddi IWIL NO 311S

N

[N

[ . - . v v - - e o St -

AP SRR,  VYPRYEEY - TORAARR . ARRPCETNSTARGON _ SOCOTONN | SRR S R g AR O DT RS g s ¢



4

. %
r I\.
] o~ 4
] X
] .
v ¢
., ~ 53
\ i
P 4
o (NO EHI T AV 14SIO) HOIH 115 S TEY ILAaNG . 110N ot |
J i
. %
. “ Sy
_l fh6 333 64 (39 f7 6 0% AN AN SN A A 14 - ] l'%
3 . 7
L] 0 o 0 0 l -on ] S | h
: K
y <A S m " AVQ < Ava T .-ﬂh
x %
. i e v
8 VL AW I4SIN g
X
. 4
; .
\ K
g 'y |
- A
ﬂ _-&
. 5, 3
, A
L ]
. ol
I s 3
. L OB 4 . .. ...,00..,00.,.0_.000000K0e o. 00X _ rd
w o
- 48
m. .V--*.
w L L _ONN0000000080000000000000000000000000000N 00000000 .0 " il
] _ ‘ X
. e
T‘. aw v a~ iw =~ o "4 _._ — .’ -M
<)
h
, —— AYQ 40 SANOIISON W WYIA 40 AYO —— L 1Idvd L IVTR
g U -A-L
ﬁ. SAVIARI T 3TIAI8SOD i ond S
s .,.u-m
A
i
.
s
7 OHOMANS I aNoMANS .Jn.m
A A >
r NC Al 4
L
- —- —- .J
T
8
0 -
aflalal|lv], I, el
(N “ 4] 4 o’ AVQ 40 SONODISONIIW SLIA (F ol | o HVIL 4O AV SR 6 o ....-LM
L ¢
R
XX
e
) —_ o S
a1 aswlass asw .WW
o

IVIWHOY 300D I v 1ag vt 00

it

g

o
W)

Ay
L]




0 trWtr71T

RN
z......

.--

.:u uC f;; ~ TN 1°
PUP 3L -UO IPOD ALY Y= (04 UIIMIA( ;_:ﬁzaﬁuc.vz o oaanfog oy
c{arak deay a0y QQf}) GO9F J0 JUN0D3 P U3YJ4P | 01 S1ASAL aajunnn
AO0Q 94y} ‘h6h F6K mm_m 98 30 QJUNOD P UAIYP (3 07 S1ASIL 431Unn,
. xcc.wm.m.\ CLUN LS WL SR AN ¥ PAMO | Ny BWLEY §4n S Fray
U3 st 1 8l Adenuepr 1 ¢ 0 0 o yo st {01) umoys awm(r1-uo ay)
% - 3 ) Y %
{ | | { | |
t I | | | |
{ {
! \ _ ! -
_ _ _ |
—— ke ' ! | 8957 AOG IWIL-NO
4 . [ 44 v - ) |
' | , . _
_ _ —. as1 s? IWIL-NO
{ ¢
-~ | ==~ “€—— av3i¥
! | 119 gv3Iy/ 1191HN|
Ly 1) e 1160110y
{ {
‘ —yh— -—=
_ sddt IWIL1-NO 311S
|~wav \ PP ..-duq.ﬂ w-- K w v A g .n-h- -‘nt .\-!-N-! 2 ;... R
\:s.c..xfx.. ~ RRREARA SR s ._. N, z».vx i ..........‘...sﬂ/,r.. .........V.,.. P AT @b <, ...., .......sr.

..f ...u.....-

'

19

5%
}s\\..s

.



e et S KT FTETRT T TRAT AT RN W e _1»1-1'

INO THD AV ASIa) WO IR STivotant @ 0N
(a8 (% 138 (38 NG 57 - s T HARRLARAGRLART IR “n :~
[ 0 n 0 n 0 = n 1 -
<l <n L] < a [T} AV <t LY Q) EIX1N]

INIT Av aSin

L4 g O 00 O 000 00 00 ¢ 00 6 __Ce AN ¢ _ 6 @

rv A 3~ a._.. =~ af A d

-1 —

AVQA 40 SONODIISONYN - —~— YV TIL 40 AYO— L ]INYd RINIDN

SAVIASIA 31918804 117 I

MITHITNTET AN a "W e ¥, W _ v« W & W

W

I W

v

4

Lokl sl o AFE e 2 g taf Saf el Pad ta il dle dledya

7 Q¥OMANS

A

1 aXOMAns

A

X w2

N

AVYQ 40 SAONODIISONYN SLIA (y

ah

HYIL 40 Av) 118 ¢

fAs1

LYWHNO04 3007 INIL A 1Rg v

P o R

4 v Ny .Fw- R

S PR
wwA

acw

et

aqw

LN S A T
o '\'.\.'.

v
W

o)

L4 oy ¥
.
'h

’H.

"

A

L9

ol

n)

’

P

T

IJO!’I,

f -




o
hn‘lL
i
St ye sdd o1 norg ey "
PUp amil-ne Hpod 2mel qg- 194 Uaomran drgsuo ) oy cyooanfoy ' .m
.A.m
T
.~.:KL
(apak ded| a0} 00f) G9f 0 JUNONY B UDI Y ] 07 S1OSO0 (Ajunoe ......;
‘s "ol
AOO AL 666 666 666 66F P 40 1UN0Y P 41 0 0] S1ASAL s unca g
s
Aep-jo-su ayjy e BRI 2 B WY PAMOL {0} AWLY JO SU 1 xau ..m
. . N
aulr st Ty 5y Aaenurp 1 ¢yn 0 0 (0 SV (D) umoys awty -un oy >
"
R
" A
Y
. l‘
-.f-n.-
‘Y
N
u —~U € -
1 1 1 ) mu _u o“ o R
! ! | | | { Y
| | | ! | [ )
_ "
I _ _ [ I y
- ———
| | | ! |
PR JL 1 u ] mml— >OO m—a—n—.u.zo ...\J
¥ T O { 1 N
| | | i | z.u
_ gS1 SU  JWIL-NO o
it A L 50
| AN
=11 | [—— “€&—— aviy nE
| ' 118 QvV3IN/ LIGIHN] o
I 7 —— Lianne R
1 A ! v
r & 4 —— A
. sddi IWIL -NO 3 LIS
[N Y - L P Lt A L3 y 2 2 2 ._a 2 R IR N T ~rx T r . . . . T ll-.Anl.{nhﬁ.
L i R s @ e S A D @I Y @ @ENSAENSN @ NN




ENO LHOEL AV IS10) B9t 118 STIYOIaN @ T1oN

h66 (3131 h6s R Kl -

o
0 i} n | )
< st SANO IS AvQ BTN

RINTR OSSR I

L

000 00000 G980 00000 9800000 0 89 O 9N 9N(® ¢ O ")

90
gggég. N

7,0

rry 4 7 I4 7 d‘a'd o)

01 0 6 0 6 0 al n L] ~

—al - ——(<wigg-) " (ston") sw —— —————— AVQ 4O SONOOIS — —MVIA 40 AV — ALIMYY RN
SAV14SIQ I1RISSO4 18 T
.-4 --
‘ ]
o’
b
h qHOMANS f oyomans T ONOMANS 1 (IHOMANS .‘\
— A A A A 5
r NC N N N\ e
---ﬁ-
- &
a o0
gl al v < . si00° ,.-v
' 1] 1 q; ~... _; 7 (=u100°) 14 o ! ! L P4 AYQ 40 SONODIS S 7L at’ | o HNv1L 40 Ay} <118 6 o "
M 0 st sl m 6 s G118 0L 6
s aswiasi fISW|ASH aswiac asw
IVWHO{ 3007 I sAd VR O
”\--ﬂuv-»\ulﬂn!!. .- . - w--f!. A . ,mn v, -\ﬁus.-nnvn [ .-.... DA ...“.. ‘o P ,...-\‘-.J f



Lars ol vTT

hard ard of

LAACR AT RANL AR S a°0 A\ o4

%

UOETPTS PUP AU ) -0 Do D) §g4 Haney o .__._n:.__gt_._v_ oo oanloy g

c{aeak dedyp a0y gagf) gogr o TUNOY v aa) v g

01 SIASad d31T0uN0N Ao Il TPUODAS YIEAT AP Y Ud1 P 0 o) S B AN I
A93uneny Aep-jo-spunras Iy f66 JO 1UNOD P UATy e () 0] Yok,
m,.uu_::Sm:_s:cm:u:_._J:.Nu\svu;;:fu:_:t.,,;

1A agy s Ty Ay cAkarnuep 1 o wh g0 St 0y umoys awr-on auyg

Cu —|Cu Mu Nd —u Oa
' | | [ | b
| | i 1 !
f ' ! ! ! ds1 AOd IWIL-NO
- - [l V) | 1 1
r LA ¥ ] |
|
| | | 0 !
I ]
_ : _ [ . |
_ A4 “ .
| ! I | ' 8S7 AVA 40 "233S IWIL-NO
- -l 1 g _ | e — -
L 4 L4 r — — — -
| § L | ] ’ |
| | 7 ! ) N
" | gs1 sw IWIL-NO
—_———— ! », I | L e
' ] ' | \
as1sm  IWIL-NO
[P —— r|l|l\ -— -
| |
== o 7 1 - — wE——— av3y
| ! 119 av3y/ LIaIHNI
+ 1 ] - LIGIHNT
' yy 4 — - ——
i A 4
_ sddi Iwi1-NO 311S
RAARAAS _ SR .w-\- N aq- ey <....-.|.. R fl..\;..., ...»... ....... .....4. Y \-,\. A.......q.lu...ug.-«.-...,_. Y | JNJ#-““-&WM-

@r.

~l '-l '.- ‘.n ‘l "h -
NS N .

™

-~

!\

--- - T '# - - ~
RS C'e '.."‘1."' .

-
'

Ea

l‘.-
s RPN

.:\J\;J' C

o

»

'
”
[t

v v v e % et
dn.d-%n-i\ . .v\ P \\--



(NOLHOTT AV IaSia)l uom Lia satvoant @

000 OG0 00000 0000 00000

L, JC000000000.

0060000800

I1O0N
(133 (143 6h6
] Q 0
<y an sut

6hhfaR anf . |

0

SAONODIS Av(} RIS

0000 00000 0000000 0 00 000 © 00 00 ¢

0000080 000NNEG00080000000000000

7 b4 . LIS S | -
0 Iy 0 4 0 6 0 6 0 ay’ a 4 ddd iy
_ ’
R e
- a1 - {<ri00°) su ———{SW0Q "} €N — ($100 ) Sw — AV 40 SANOIIS ——— — MY IA 0 AV()— AlINVA NN - 4
SAYI4SIO FINISSng 40t 9l .{.
t
: =5
P
: 5
) a xn-
# ajajalvis, |rf o ’
£ \ , 1] 3] 4 4] 4] 4 m..1
o 5
-w
\‘I
ww.‘
r
4 5 QHOMANS h QHOMANS f AHOMANS 7 aAYOMANS 1 ONOMARNS ‘.
A rJ A A A -
4 Y4 4 AY4 Y4 I A
ol (sdton’) su stig m PLa (w00 ) s* g 04 t ol (Stoe") <w si1A 01 o ol AV 10 SONODIS S1IR /! at’ et NYIL 40 Ava <R s | e
as1 nswlas) ASw s aow|as)y nowln<a A
\ IVWNGY JA0D WL Y FA4 vl o
E
BAXACKL  AIARES  RIRIIRIS ALY AABAANIE\ B QD0 SR PR OIIT T ORI G I T B NSRS W b
- 2 ‘g K - & - - . . i -~ fi - - bl




.Da 1r sdd o nopyeqe
pPuUP AML1-<UO0 APOD BAME] Y-£fgd UABMIAQ diysuorie|ay 11 nanhiyy

*(4p3fk deay 404 9ag) gaf yn junod p anyyp |
031 S23S3J 431UN0I A0Q 3AY|J *puU0IaS Y166Ff 9K AU d314P (3 03 SIISAU

ol m e e T e WL W T

: A33UN0D APpP-<310-SpPuUnnas uuh *hHA .3 1UNNY P U314P N0 01 13SAU
4 S4a3un0d sw pue s7 ‘su ay] Yy -+ Ly 2%y £q pamojoy SY P Jo su
"... 1xau Ayl st 1y syl cAuenuep, 1 <0 0 _.: st (N3 umoys AMLr-un ayy
’
,
.v
w
_ 0
: ) =Y, 3 4 LY 2
4 ) ! ! I ' |
|
z | " ' _ ] _‘
_ ..u..u_. "\ s H “ | gS1 A0Q IWIL-NO
: - A Y i |
_ | _ ' i ]
! I '
_ _ _ _ _ _
| _ |
_ ~— “ ” .
w. | | | | | 8S7 AvVa 4O "D3S IWIL-NO
/ !
. -—-——} 4 i [ | —_——
— _ 2.1 3
L 2 ¥ -
! _ | gs1 sw IWIL-NO
L M -/ | | | -
----+ — _ _ .
! | At l 1 N
_ [ I _ | gs1 st IWIL-NO
PR | 1 - — 1 ﬁllll'
| g 1 4 |
. . _ . _ .
_ ﬁ gS1 su IWIL-NO
i |
- i | - - = -«<— gvy3IY
' ! 119 av3d/ LI9IHNI
M 7 - L1AIN)
] wy. |
sddi 3IWIL-NO 311S
...H...w«... » - ..,w.d ", ....... - 48 .....\..,.“..._.......w.. B w.....”( ) ,a. .H....,.‘.m,.m L NS @ ..m.o.w......ﬁo. ...4.H4H

o
N O

)
9. %

Ca"kaiCy
a

el

I

N
Y

o

-
*n
.5

»
<.

L'_A.;’

T
Lt

il
Al

ra
A

"

-«

PNy

- ‘_.; N
L%,

x

-
.

%

o
et

"

oy

"

'i"n.' J"\*'\- -

TN

o




"

o Ve TN

- '-

-

-

T N T T R N

R

-3
X w<

(NO THOET AY 1isIa) wot ia sHvosiant @ Ton

HhA [ANN [ he 7 saf 6O GLRRET NG “ont 1
"
n n n n o % - anna 1 ]
en < < "r Y] AVQ s Ave} EINER]
INIL AV ISIa
"
1, 06 . _ BN ___ . ___ .. 6.000_,0000 NG .o oM )
n
00000000000 000000000000000000000C0000 C0000000CHN O -
4 M , 7,0
o 6 0 ar’ o X a4
— (swipo') s AVQ 40O ONODISITUW — MVIA JO AVO—  AlI¥Vd EL
SAV1dSIO 3T1AISSO4  Hit i)
f QOHOMANS 7 aMOMANS t ANOMANS
A _ A - A
r BYS YA N
7 (smino ) : . . X -
0 6 o AV 40 ONODIISIIUIW S 119 (7 arl | af H¥ T4 4O VA SHIA 6 | of
AL SN T
asy aswinasi Y] G ns

IVWN04 3000 Wil vAd Va1 ond




e <dd g oy
pue aurty a0 apon ey pad uoaomyaa dipgsaorpepay S B RTE A

“fapak deny a0y aog)

GOF 40 3UNODY P UNT P [ 01 S1aSad 4d3UN0OY fon Ay 666 (RE op o
1unod v 21 1P (} 03 SIASAL J3aTunod s ay | "HH6 10O JUnNON P oaay T

0 01 s3asau aarunod s oyl M1 oo By 7y £q pamoyjoy sw P jo of
1xau ayr st 11 aup cAuenuer 1 o0 0 w0 st (01) umous awry-uo 2y

u l-u
1 “ mu Nu —. c~
_ : | ! '
! | [ | | ]
| | | | [ ' ~
\ ] I I \ |
{ | e T
. | . " | 851 A°Q IWIL-NO
.- — A ] __
! | | { | '
| | ~
| , | l | gS1 sw IWIL-NO
- - m { — — _ - - a—
' | f | ' 1
_ gs1 sn IwiLl-NO
! _-aln
-= | |-~ - <€— O0v3¥
_ ) 119 Qv3Iy/1191IHNI G
1) = p11aimmg
! y _ ' . .<..-.h
sddi IwWI1~NO 311S ““
- 41“”..

w

c e
P
% W

e

[d
]
7
o N
'~
AN

Al @ LS



G Ry STA) B s ST o (@) (Y
(AN [N [NNS b LN [ g (AN S AN AN S Y £aY ..u
n Iy n n n 0 ] - nnnann o 1 1
L3N <t <t < o " Ly o) (31 tx1) Wl

INIL v s

o8 BN . 80  _ _ _J

oL n 13

— m - —— (s"00 ) < — fsuripn ) s — — s ——— — AV 40 SANODISEI Y ——- J— — MYl 4O iy — CYINYA qini

SAVIASIA VIISSOG et g

X -
Y
S
S

" GHOMANS f OHOMANS 7 OxOMANS 1 GHOMAans

- A A
a O N A T Il.J\ll-lkf!x\\\llJ g

Y
N

e
A

7 (s%nn ) su 119 01 14 4 (swigo ) <% 119 0t 14 7 AVO 4O ONODISIETINNY 119 17 7 ? MY T4 40 ava (a6 | o

~
,,J
£

as aswins? aswlast ncwv|as few

Py
8

IVIWHOT 3000 I8 v hild vEE 0

e N
-I'NJ'\J.. \1“..1'

o g™
w."'\-

e W e
L5
A

P

e @ T @B NNS SN ...so..n...... AAAE AR

- - - -

LN
\\\\\

"

D
[




.:.~ 10 nl._ M U ypr)e«

pue MLy =<uo Apod ALY Y-pfd UIIMIAQ .:: U0 P AN 41 u,.:ﬂ_._*

“(4pak deay a0y qaf) gagf Jo Aunon

P43 P 1 01 S3ASAJ 433IUNND A0() A4 hO6 6AF AR JO JUNON P aa) e
N 01 S19ASad AAYHNnH s v__m Hh6 JO_Junonn p o ud1yP N N1 3ASAU
saajunon s pue su ayy Yy - ¥q 29 Lq pamogoy s b jo su
1IX2U Ay s : ayg | Kaenuoep 1 <N yn __3 S Aouv UMOYS ALY -no Ay

u, Ly € Z, L 0,
| ! I | | |
[ | [ | _ _
. ! ! ! “ !
| - ———
_ " _ [ “ 8S1 A°Q 3IWIL-NO
T T \ _ \
_ _ V. _ 1
I I | I ! 8S7 sw 3IWIL1-NO
et o { v | I t -
!
I I 2! “ " |
( “ “ _ | 8571 s1 3IWIL-NO
L . i
T A . ! -
' | !
857 SU IWIL-NO

[}
t
|
f
J
!
i

|
- | [ —— €— avau
' Lig av3d/119iHNI
|} &— p18uN1
|

sddl 3wiI1-NO 31IS

S L

h e g PN AR ) Lt {-....\.\.\. Rm.‘-‘u SRR
JMI&#N&\I\J\\\V iu-..i..uh..;.z- - : Ianlf. »-.wfn-v\-um.rf f aa




R N 2T AN R N I I T 3 FRVIR T TA YN

1toN

0 000 00000 000 ) 90000

[AXS (SH] e [N (38 184 (YA o ! . 4 J

0 n n n n n n ! i ' IR ‘_

< < < « nt " [NIRIN 1y [RIN) HL ary 1
TWEL Ly gsiqg

L, &

. ® B (I XYYy OXYrfY 0900000000 00000000
. 4 bt 14 7 7 7 b b Fatala!
3 " 3 n . o 0 o al’ o oy 4 dd A
1 S e - — . fempan bt - .
Y (s1on) sw AVO 4O SONOIIE —— — —— e — - LMY A I |
b,
h AV IASIA INIRISSOL 5
P
3
-.
g}
F. o ‘] 8] v o[ y i
5 ' ) \ y o Al ta A
w H
Y
b,
K S ONOMANS n (IHOMANS
F f aONOMIANS 7 axomAans I ayomnagnsg
—— A - A . A AL . A
3 D N Y4 N N
p
4 < 100" < . 7 ’
” o f=*1n0 ") U SN ,~ a~ {swon-} <1 Spi6 ot m~ 0 fcon ) = SR o a~ e AV 40 SAONODIS S 1918 7| o_ﬂ :« Aarl s1g v :..
. .
GEE - |
aswins aswins aswias) aewins SN .\
-.-.m
-~
.:.-._
I'd
e e v
i IVIWNO L 300D IWHL Saq 0 .
A%
p 7/
i .
2o
...J
D) -&
ll
R
N
'I‘
hY
l-I
Y, il e et e aten . o
oY h I I Y
P S 4
AL, CMOSIRSEA -




M e Y T e Nm . W, MLEUN Lo ALNCE LW LR \"T

.Du s - I unpjeye

e i o il Gy Hoampadg cliusue iy ey oy 1Y ooantay

‘potaod Ayenbeague dul S oY LyM

CSAUD 00D A1 v a0 CSavak w/ET /2 401 e 1 01 S1ASHL aalunon
arty oyl TRPUDY IS Yl Eef Q40 JUNOD P UdYT IR () 01 S]ASad dATuUnnn
APD-j0-Spuodas oy THOA JO JUNODY P UOY LR () 01 1aSAd Saaluno’
supue s ‘su oy "ot 3 0y Kkq poamojjop su 1xau ayl S|

: ay | *96/9 UL ‘Aawvnuep | UL :3 St A:uu UMOYS 3WLY-u0 Jy |

u, L-u, [N 4 Y %
| _ | ! _ !
| ! | | ' |
i | ] J ! _
| | i I | gSs1 arl IWIL-NO
o) L ! _
i _ | “ | ]
| _ | _ T
_ _ _ I | gS71 S IWIL-NO
—— - ~—v A t t
r T i ’
| |
| | 4 _
_ | _ i | gS7 sw JIWIL-NO
——e-} — | _ _ T
I _ ol . 1 !
_ | ) _ | as1 st JWIL-NO
e ek v | | I -
| | l | !
as1 su IWIL-NO
_ L
L | | - &<—— vy
| : 119 av3y/ LIgIHNI
‘ _ ! &—— 010N
[
sddi 3wiL -NO 3118
‘\-“..\...\..M ..M.-“ l; An-...\... ..-...\:\.- J\..-.“.....%...-J\J% -\.\ \J\f\.-\J\ -.-\-\..\.-\ -- r ot .-.. \ \ \ - .V «-nh...., W.AN...N-.‘ ‘...f.--

A .- B A - & '~ ™ - - {

31

'.r.........f..:,. .




(NO THOET AV I4SIO)T HOIH

18 Sy IaN|

o 110N

0 €000 €U0 @08 OOCe 9 eCCe e
®O0 OOCO OO0O G000 000 OG0 0000 OO

f66 (8 [

< i < m

FITE|

00D Co @080 Cee) 00

000 OO

00

Q000 OO

{

Loy

AV

Ly 14510

C\“(Q L7 v o8 0000 0000 12w R 000 L7 % R 0 00 n 0 LU L I ¢ (L) [ S |
1 7h"R 0009 L 2w Loz Ve vt v ® no dddd
L7 w8 [ [
- ar - ————— aNO0D3S 40 — JIANIN 40— — HNOH 40 — — AvaQ 40 — —— ¥VYIL 40 AVQ —— LMY uNt |
SANOIISITINY SUNODIS STINNIW SHNON
m>«mmm_m Mmm:mnﬂi 7R B I
a
alalal|wv
L]
EEEREERRAIN IS
]
S ANOMANS B OHOMINS f (IHOMANS 7 ONOmans L aMomanes
A A Al A A
4 N N Y4 Yd Y
. 0 1LONIW 40 o HNOW 40 o o . o
1 is1nn") swgrin 7t M ] SANDD IS N I SILNNIW # 1 ><3A.3 zu.::. ; l HY3IA 40 AVO 119 0y ..4
s1in ¢ SR ¢ LA ;
s 1 Aswlas) ASWIAS 1 Aswine - ncwlnen A

P I, e Jie U L
-qﬂ.va' LA, 5% 5 .l\ - ..\".0- A ¥ L

IVWHOS 3007 It 1L g e

1

Tt

—~ .~
.
P SRS _\‘_ﬂ
“"AaAalAatalatattah

CIRJRY
St e

.
-

_\-.\--.‘-

AR LA

S PURY PP

P N 4

T

X

Wi L)

AL

\d
Nl

¥
L)



-'l'.'ll'.l

-
-
oo
o
i

TR N

i ¥ 4
pPuUv oWl -uo apoo awty 14 veoamyoq digsuoryeay el oeanfory ..‘h
R
Y 5
o
-l
..«...
TR OA %l
I
,_cw_ 103 a9g ) G9f Jo Junod p o aal e ] 0] SIASH4 Aa3unot 1o( on| E

E7 40 2UN0Y P U3 v () 01 STaSOJ AT UNOY Y oy RGO STuUnan ...\...,.
43140 () D1 19594 SaaluUNOd W pue D3S Ay “HHA O TUNOY B unygE ..v.“.
0 01 S1aSsad J4alunod sw ay| Y1 "t 21 fq pamoy|o) Ssu )xau S

o
o™

oyl st Tq ay]  Aaenuep | swO 0 w0 (O St (03) umouys awiy-uo ayj

>

.- -l\
u L-u, £, Z, 1 0, S
i | ( [ | |
I | i | | I
) | ] I | I
_ I I ! | g1 A°d 3IWIL-NO
! L .1 | I
| | | ! ! I
_ | A~ . |
| | | _ | 8571 Y IWIL-NO @
- — | l ————
{ { |
[ . A4 _ !
| | _ i _ gs1 w IWIL-NO
- -1 _ -y’ _ _ | - —
_ pa _ | !
_ “ _ | | 857 'S IWIL-NO
- - - T Y\ — — — L. - - -
! _ | I '
457 sw IWIL-NO
| o
-— — — - - av3iy
| | 119 av3y/ LIGIHNI
_ — ’ LIGIHNY

v 7/ ) -
_ _ sdd IwiL NO 311S

VAR e,
CRARRY ...:\...J .x.L

»e

R L) A AT
r\n- -n-\ ‘&-v.-v.v.-\f\f\ AR -f.f! v




[RXTERNRTIS TN

AW TASTAY 380 116 SI 1V an)

11on

ol oo N oo N co NN oo N o0 N 60 NN 66 N O

[ANS (3 [ [ 7 Nt
(] 0 0 n fn {
o sm < " " [Rs

W AV TSl

L oo N & I _ CoNC NN & SR , SF
QRdeu 0088 8800008

RIRER ]

. cc:: noon R 0N 0N o0 0o n 00 {1 7 n L7 &R fno0 00 n q R
TR L7wa noo0o v7rwe nooaon 7 _.., —~ tiwa oo d oA A
1 7 % 1A L7 b R \ ;
— 1 - —=—— ONODISEI N 40— —— ONODIS O —— — 11 ONIW 40— — N0 {0 — —_— AV 40 — —— MVYIL O Y - - LY FiNt |
SANOIISOHOIW SONCIISTETHIWN SANONIS STIIINNY HOOH
" :Eﬁn:ﬁ AV IASI0 TINISSOA  or
'S )
a 0
nlalalyv Sy en
L] f r t s on < Sl 71 0
vl Al al et ! (s 007y te .
N
S aHOmMaIns h OHOMANS T g¥OMaNsg 7 QHOMaNS t aNoaang
A __ A A A
r I TN N N ™
(st00°) s o ! ANy 10 0 SHROH 40 o AV 40 SHNOM 0 MY IL 40 A0 <119 0 .
t 100 S92t ” SANOIIS ol 31N . 0 Jo o o »
s1i8 ¢ i8¢
51 aswinc) aswlins aswins navlng a RIS

IVIWHOT 00T AWIL ¥ 1L QDAd e o

"-.Ip-/.

‘. Yy

w At . Yatn

AN

“u

e A atal

.“.
K4
LA AL A LA LA

~.

. -.
R
Tat

.-
.t v .
< '--{A.

«~ -~

R
- [
T A A




Ny e <dd g TOLYPYS puUR o ot - NI s oM G THSUOLYIP AN T2 oaunfi g
Lardd dea | 140y Aag) Gaf J0o Junnn Bo4a14e ] 0] S1aSad 19 Hnan
AOU 9L TE2 40 JunoHs P o493 4P () 0) S1ASAA LFIUNOY 4 Ay THG 0
SIUBEY AP N 01 12SA0 SAATUNGY I puUP I3 3| *HE6 1D JUNnoY e ualyoe
0 0 19S3a Saagunod swopuk 7 oayp My s Fy e Lqg pamo oy < 1xau
ous s Uy oy cAuenueyp Uogul gyl g0y 0 st (M) umaus awir-uo ay
:~ 1 :~ mu N, —. ou
| | ! | | [
| | ! i | "
| ! ! ! . .
. 1 I | !
' ————
. ; ! ; l 8S1 Ao 3IWIL-NO
e} | / %‘_ | N
| ] | N !
— — L 1 L —
7 x L] _
: | _ _ 857 U IWIL-NO
|
ltllr i 4 _ | . o — -
¥ L4 —
! _ l | !
| A~ -+ !
| v 8S71 w 3WIL-NO o
| | _ _ 5
- —— | ————
t + 14 y 1 { |
, _ ! ! l
— — 7~ — ¥
| _ | gS7 s IWIL-NO
I | s | I _ ———
! | I l ) |
| | A t
| i | | gs7 sw IWIL-NO
- - ==} — ! | ! et
| : _ | _ |
as1 st 3WIL NO
- - . -—-—— aviy
_ _ 18 av3d/ 1LIgIHNI
] € LITNNI
\\’N (P
ﬁ sddr 3wl NO 311S

\ .-....4..-:..... .... .-a . T\-.. .... .J...M.J. ... . .

RN N I N 4 RN

LU e

A did A

.’ ".--n-\s...-.
!\. 85 G 5 NS

e S S A S’

N TTTY Y YT N e
.s...\......x\.,f...r/flf...
PN WA -

=
Ny

LR s
w N
ANy

.
o

Py o
A
o W

Ll
T idody

e

. ¥

..-f‘

L



RO s |

L S N

(NO THITE AV IASIHTY H Il

Fe

118 ST LVOIaNE

L O BN 00 N 80 N 50 BN 00 J

110N

.O. OOOOQuQuﬂdQu QdO

0t v 17 h 0000
_ ~ .. n nnoon
ANQODISOYDIW 40 L7 v 8

— at - ~—— SANODISONVYN ———

_ 00 I 06 NN 00 N 00 N 60 I 60 N O I 00 N @
8808 OQuO

7 h

9900
OOOOOQ

hh6 [ANS £,6.4 (34

n 1] n n

< N < <
RIVAN]

o,
.QuO

A% 1S40

YA

8D O8O 00 08D
00 CO

0000 .

0000 0000 Lz nwa o000 0000 th g 000 R paoo R 00 nono o0 fataiaty
L 7 hn 8 0000 17w R 9000 L7 1t 7t L7 t 7 w8 (U ¢}
- L L]
anodasiuw 40 ' 7 anovis 40 LT R __3INNIW J0__ WNOW 40 __ A¥( 40 VA 40 ava LT ALY A W
SANOIISONDIIW SAONODISITHW SAONOD1IS SIINNIY SHNOH
SAVIdSIQ FIRISSOd  +i7r 01
t OWOMANS T ONOMNAENS
A A
' 4 B
q
alala]ly e l: I 0 0
T B IR BT LR IAPD RPN 1 ($°In0") <u §119 71 o ¢ (swpn ) <M 1A 7t 0 =
] R R
fas1 ASWIAST aS
—
S AHOMANS b A¥OMANS f a¥OMans 7 aONOWINg (ISR LRI AL A
A A AL AL _ AL
C Y4 O N N A
HNOH
0 ALnNIw 0 10 STLONTY " AYA A0 sHnou ; ]
1 (ston*) sw 19 71 0 1 40 SQNODIS » 1 ; " { 4 { Ny Tt {0y Kxor SLis nyg o
] S118 ¢ {19 ¢ Sl a -
LT3 ASWIAS 1 RSWIAS)H newlnsy T T ET A )
IVWNO1 300D IWIL 9 1 a7 ey

PO Ny



[

vode o sdd [ uortyels pue owii-uo o g Cetgita vrae diysuoy e ay 2o oaanfi gy
LaraA Gl a0 90y, gy 40 Junog e CVERY 00 s et sa AUty g0 ay)
Y730 junoo e AATYP N 0} SIDNSAL adTuNnon ooy ARG 30 STunagy A3 e
10T 1aS3d SaninunoY 9 pup A VN | THhbER D STanny 433 4P 0 NY 13994
SAAJHNOY S o pue ST Sy gy My e by 07y AQ pamo | Loy Su 1xau dYyy St
v ooul cAaenuep Eosutl oull gy g0 0 (0 S (M) umoys AmLy -un Ay
u u 0
1 ! 1 m~ - : |}
I | { | i |
i | I | | {
! ] ' ! | 1
| | | | | -
! ] | | ) _‘ 4S7 A°Q 3IWIL-NO
IIII— 4 J‘\M“ | m |
! | | | I '
y) i L
| \ “ 1 T
| . 0 | gsT Y IWIL-NO
mee— ! | ! ———-
_ | ! [
_ | A—— t 4
| | I 1 | g4S7T W INIL-NO
et ' _ | oo
—I | _ — r-
| ) o
_ — p 2N | |
— e v ) B LS
| | I I 8S71 S IWIL-NO
Iilln,l | e i | ] - - e
| ; i | |
_ _ — ' +
| : | | | AS7 sw IWIL-NO
P | 3 V3 t t | - - - —
| . V i {
) ( |
) _ a5 m %
| ! 7 _ | f 8S1 s IWIL NO
.ll..l..l— | V) _ ] - o -
: 4 [}
! | | | 1 1
[] .
_ 8S71 SuU 3WIL NO
_ - — - AV
_ _ 1189 Qv 3Iy/ 118911N)
-« 1IN
J £ - — —
' A

sddt 3wl NO 311

e
‘A’-‘!

® .
Aa

.
N

o
_‘n’..

'

‘.
.
WA

Lo RS
Lola

e
‘atlada

..J‘
al

AP

LA




APPENODIX A
Leap Year/Leap Second Convention
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LEAP YEAR/LEAP SECOND CONVENTION

LEAP YEAR:

Tne length of a year is not an even multiple of days. The year
is about 365.25 days. Thus, every four years there is an extra day,
29 February, provided the year 1s divisible by 4. [f the year is
divisibleby 100, it isnota leap year. Years divisible by 400 are
leap years. Consequently, the years 1983, 1992, 1996, and 20uU are
leap years. The year 2100 will not be a leap year because it is not
divisible by 400. With the adagition of leap years, the calendar stays
in step with the seasons.

ACCUMULATED LEAP SECOND:

xry.
MYy
2.
s &L X

l‘]‘.! l‘l' .
o

e

Since 1 January 1972, the relationsnip between [nternational
Atomic Time (TAI) and Time Universal Coordinated (UTC) has been 2iven
by @ simple accumulation of leap seconds occurring approximately once

er year.
:!v P Y
Eﬂ’ At any instant (i), Ty = TAI time
r{\ Uj = UTC time expressed in seconds
& Tio= Ui+ Ly,

where (L;) is the accumulated leap second additions between tne
epoch and the instant (i). The following table contains a refer-
ence list of the accumulated leap second additions (Lj) between
1972.0 and 1986.0:

Time Period L;
1972 dan 1 - 1972 Jul 1 10.00U VUL U s
1972 Jul 1 - 1973 Jan 1 11.000 00U 9 s
1973 Jdan 1 - 1974 Jan 1 12.0U0 QUL U s
1974 dan 1 - 1975 Jan 1 13.000 000 0 s
1975 Jdan 1 - 1976 Jdan 1 14.000 VOO U s
1976 Jan 1} - 1977 Jan 1 15.000 VLU O s
1977 Jdan | - 1978 Jan | lo.00U VUL U s
1978 dan 1 - 1979 Jan 1 17.000 000 U s
1979 Jan 1 - 1980 Jan 1 13.000 uwul U s
®. 1980 Jan 1 - 1981 Jul 1 19.000 QUU C s i
'g 1981 Jul I~ 1982 Jul 1 29.00U0 UV U s
s 1982 Jul 1 - 1983 Jul 1} 21.000 000 U s
A 1983 Jul 1 - 1985 Jul | 22.00U UUU U s
e 1985 Jul 1 - 1986 Jan | 23.000 0UU U 3
7 1986 Jan I -
NUTE: Time changes are made on 31 December and 3U June at 2d4uch.

As of the date of publication, there has not been a leap secound
since 30U June 1935.
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APPENDIX B

Tables
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I. JULIAN CALENDAR ' T.7D CONVERSION
DATE TJD TJdD DATE

Yr Mo Dsy Yr Mo Day
68 05 24 0 0 68 05 24

200 68 12 10
69 01 01 222

600 70 01 14
70 01 01 587

8300 70 08 02
71 01 01 952

1200 71 09 06
72 01 01 1317

1400 72 03 24
73 01 01 1683

1800 73 04 18
74 01 01 2048

2000 73 11 14
78 01 01 2413

2400 74 12 19
76 01 01 2778

2600 75 07 07
77 01 01 3144

3000 76 08 10
78 01 01 3509

j200 7T 02 26
79 01 01 3874

3600 78 04 02
80 01 01 4239

3800 78 10 19
81 01 01 4605

4200 79 11 23
82 01 01 4970

4400 80 06 .0
83 01 01 5335

1800 81 07 135
84 01 01 5700

5000 32 01 31
85 01 01 6066

2400 83 03 07
36 01 01 5431

5600 83 09 1
87 01 01 6796

6000 384 10 27
38 01 01 7161

6200 85 05 15
89 01 01 7527

5600 86 06 19
90 01 01 T892

5800 a7 0l 93
31 01 01 8257

7200 88 27 09 r
92 01 01 86272

7400 88 u8 27 |
93 31 01 8988 ;

7800 sy 10 01
94 01 01 9353

8000 90 G4 1Y
95 o0t m 9718 i

8400 91 U6 00 !
45 10 10 0

4600 41 12 10

9000 93 01 13

9200 93 08 01

9600 34 09 05
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TABLE 1. BINARY COUNT (27)

Decimal Number Binary Number Decimal Number Binary Number

n 2" n 2

0 1

1 2 26 671 08864
2 4 27 1342 17728
3 8 28 2684 35456
4 16 29 5368 70912
5 32 39 10737 41825
6 64 31 21474 83648
7 128 32 42949 67296
8 256 33 85899 34592
9 512 34 1 71798 69184
10 1024 35 J 43597 38368
11 2048 36 6 87194 76736
12 4096 7 13 74389 53472
13 8192 38 27 48779 06944
14 16384 39 54 97558 13888
15 32768 40 109 95116 27776
16 655236 41 219 90232 55552
17 1 3107 42 439 80465 11104
18 2 62144 43 879 60930 22208
19 5 24288 44 1759 21860 44416
20 10 48576 45 3518 43720 88832
21 20 97152 46 7036 87441 77664
22 41 94304 47 14073 74883 55328
23 83 88608 48 28147 49767 10656
24 167 77216 49 56294 99534 21312
25 335 54432 50 112589 99068 42624

EXAMPLE:

86,400 s/d = @CECECOCOSO OO0 ( 17 BINARY BITS )
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TABLE I11,BCD COUNT
(8n 4n 2n 1n)

Decimal Number n BCD Bits
1 1 1
5 1 3
10 10 5
15 10 5
150 100 9
1 500 1K 13
15 000 10K 17
150 000 100K 21
1 500 000 1M 25
15 000 000 10M 29
150 000 000 100M 33
1 500 000 000 1B 37
15 000 000 000 10B 41
150 000 000 000 100B 45
1 500 000 000 000 1T 19
15 000 000 000 000 10T 53
150 000 000 000 00O 100T 7

WHERE K = thousand, M = million, B = billion, T = trillion

8 1 3 1
EXAMPLE: 0 0 8 1 0 0 3 1
0 3321

K K K K 00
86,400 s/d = @O0 CeeO Qo000 OO0 ¢ 20 BCD BITS )
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TABLE IV.

NUMBERING SYSTEM

Parallel

EQUIVALENTS

Parallel Binary
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Quantity Decimal Digit Binary Bits Coded Decimal Bits
y 1 or 2 4 or 7 4 or 8
MJD 5 17 20
TJ4D 4 14 16
Mo 2 4 5
DoY 3 9 10
DoM 2 5 6
HoD 2 S 6
MoH 2 6 7
SoM 2 6 1
SoD 5 17 20
MoD 8 27 32
MioD 11 7 44
NoD 14 7 56
MoS 3 10 12
MioS 3 10 12
NoMi 3 10 12
|
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TABLE V. PARALLEL TIME CUUE IDENTIFICATIUN (ID) BITS

NUMBER OF ID BIT ID BIT
TIME CODE 1D BITS "WEIGHTING" CONFIGURATION
PB1 3 B, A, 2° 000 (0,0,1
PBL-A 3 B, A, 29 U &0 (0,1,1
'.;_‘~ PB1-8 3 B, A, 2° e U (1,U,ly
o
\
P33 3 A, 2L, 20 008 (u,l,l)
PB3-A 3 A, 2%, 20 o0 0 (1,1,1)
o PB4 4 A, 22, 21, 20 OO0 U (U,i,0,U,
~. PB4-A 4 A, 22, 21, 20 000 (1,1,0,u)
® Py5 3 22, 21, o0 VU8 (1,0,1y
:-\Z-_:{. PBCD1 3 B, A, 2° 008 (0,0,1)
i PBCOL-A 3 B, A, 20 Ue e (u,l,l)
PBCD1-B 3 B, A, 20 00 (1,u,1)
o
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TABLE VI. EXAMPLES OF PARITY BIT DETERMINATIUN
3 PARITY TIME CODE SUBWORD ERROR
L TIME CODE BITS SUBWORDS INDICATION
2 CODE BITS SUBWORDS INDICATION
v
o~ PB1 Pl 12 Pr=t
I‘J‘

» & 2 PLeP =2
o P83 Py 1 2 3 4 p1=1
- P2 23 PL+Pp=2
o

::: P3 3 4 Pl+p3=4
o PB4 -
‘_. PZ=3
PBCOL Py 1 2 3 4 5 pi=1

_~ P2 2 3 P1+Pp=2
: - P3 3 4 Pi+P,+P3=3

Py 5 Py+Py=d

n, P1=P__1=3
.:::

}l

*l
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o
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o
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NOTE: In the column labeled "SUBWURD ERROR INUDICATIOUN," SubDwords are
given in which errors are implied by tne allowable combinations of
parity bit error-indications. These examples are only valid for
single-error conditions.
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