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ABSTRACT

Jam son, G.S 1982. A system for the precise determination
of tow distance and tow path in offshore resource surveys.
Can. Tech. Rep. Fish. Aguat. Sci. 1035: iv + 34 p.

A system is described which allows accurate measurement

and recording of Loran C navigational bearings. This allows a

termination of geographic sample location, vessel

speed over the sea bot tom, and the leng th of the swa th swept

by the gear. 'I'he system utilizes a portable minicomputer with

tape drive for data recording, and a larqer host computer- for

later data analysis.

described.

tern hardware and softwar-e are both

Key words: Loran C, sampling, biological surveys, stock
abundance.

UME

Jam son, G.S. 1982. A stem fa
of tow distance and tow path
Can. Tech. Rep. Fish. t

the precise determination
offshore resource surveys.

Sc i. 10 3 5 i v + 34 p.

On d~crit un syst~me i permet de mesurer pr isement et

d1enreg trer les relev~s de navigation Loran C On peut

ainsi term r a la sit g r ique de

li~chantillon, la vitesse du nav re par rt au fond, et

l'~tendue de 1a r co e te pa l'engin ant illonneur.

Le teme utilise un m i~ inateur a cassettes t~rtatif

pour llenregistrement des donn s et un ordinateur de plus

grande capacit~ pour l'analyse des donn~s. Les composantes

"hardware" et "software" d st sont aussi d6crites.
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INTRODuC'r ION

The qua 1 i ty of resource survey da ta for use in the
quantitative estimation of a lation's biomass is largely
dependent on three variables

1) the pattern f distribution of sample stat s,
relat e to the resource;

2) the number of stations sampled; and

3) the area sampLed at each station and its accurate
measurement

Accurate biomass estimation of deep-water, benthic populations
has been particular difficult when compared to sampling
intertidal populations, as standard shallow-water survey
procedures such as sample quadrats or line transects are
usually impractical. Traditional offshore sampling equipment
utilizes trawls, drags, or dredges towed for a fixed time
period.

In ongoing studies to improve the quali of scallop
resource surveys, an approach has been prev usly described
(Jamieson and Chandler, 1980) which considers the spatial
distribution of the resource. The number of stations sampled
is generally determined by level of funding and available
vessel time, while gear size and type are functions of vessel
size and manpower constraints. This report considers
measurement of the area sampled and presents a system,
utilizing Loran C, des ned to allow accurate measurement and
recording of geographic sample location, drag over the
sea bottom, and the ngth the swath swept the gear.

THE SYSTEM

Overview

Loran C signals are captured at discrete time intervals
by a minicomputer on board the vessel and stored on magnetic
tape for use in a riori analysis vessel location.
Real time vesse on, desired can determined by
use of a coo inate converter attached to an additional
Loran C receiver Data ana is on a mainf arne, host computer
involves initial editing of the data to ensure that tow
beginning and tow end flags are present, followed smoothing
of the data to adjust r signal fluctuat n, perhaps caused
by wave-induced vessel rolling speed alterations. The
output from the Loran C receiver is averaged ternally but
with the frequency data recording utilized (every two
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seconds in "tow" mode; with an average towing speed of 3 kn, a
distance of 3 m is travelled between recordings), small data
value fluctuations prevent accurate tow distance estimation
unless some additional data-averaging procedure is adopted.
The bearings are then converted to latitude and longitude and
the distance travelled determined between specified time
periods. Distances are then summed over the duration the
tow. The shorter the time interval over which distance
calculations are made, the greater the indicated tow distance,
as more variation in vessel path is incorporated. The
shortest tow distance is the stra ht-line track between tow
end and tow beginning (longest time interval). Subjective
data interpretation suggests that a time interval of 10 sec
yields optimal results wi towed gear, since the gear's path
is less affected by slight fluctuations in the path of the
towing vessel.

System components

The basic system consists of a Loran C receiver
interfaced to a desk top, minicomputer, which records at
specified time intervals the navigational bearings. Bearings
are checked for quality, then stored with date and time in
magnetic tape cartridges for subsequent data analysis. The
system utilizes standard commercially available equipment but
has as a unique feature, a specially designed interface unit
(Model 8000, Loran C to computer interface) between the
Loran C and minicomputer, developed under contract by Seimac
Ltd., Bedford, Nova Scotia, Canada. This unit is now
commercially available but s equipment~specific for
compatability reasons and, as esentJy available should be
used with Internav Loran C receivers (Inter av Ltd., Sydney,
Nova Scotia) coupled to a RS232 or IEEE-48B terminal or
computer The computer used in the system described in this
report is an HP9825 [Hewlett Pa rd (Canada) Ltd., Dart.mouth,
Nova Scotia].

The basic design layout is given in Figure 1, and a list
of specific required rdware g en in Table 1.

Software

There are three basic n~~r'o~ures involv

1) lecting and saving the data on tape:

2) dumping the data om the HP9825 to a mainframe, host
computer - in this example, a CDC 171 (the HP9825 has
insufficient memory to handle the analytical programs
utilized),
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3) analyzing the saved data to determine:

i) geographic location of the tow path,
ii) length of the tow path,

iii) tow duration (minutes),
iv) average vessel speed.

The first two procedures are programmed in HPL on the
f1P9825, whereas the last procedure is programmed in Fortran IV
or 77 on the Cyber 171.

OPERATING PROCEDURES

Data collection

The hardware is set up as in Figure Ii and to initiate
data collection, the procedure described in Appendix A is
initiated.

Data transfer from tape to disk

The procedures described in Appendix B are for low-speed,
dial-up communication between the minicomputer and host
computer using an acoustic coupler. Two procedures are
utilized, the first to establish a connection between the two
computers and the second to transfer data from the tape
cartridges to disc on the host computer.

Data analysis

Programs used in data analysis are given in Appendix C,
and a trial run of test data is given in Appendix D. The
output lists for each indiv ual tow: 1) number of signal
records; 2) tow duration (min) i 3) calculated tow distances (m),
using time intervals between navigational bearing recordings
of 2 sec, 10 sec, and the entire tow duration; 4) the percent
deviations of both the two-second based and ten-second based
distances from the entire-tow based distance (these latter
measures of distance deviation provide an indication of the
straightness of the tow path without having to graphically
plot the data)i and 5) average gear speed (m/sec) over the sea
floor.

SUM~1ARY

The system and procedures described in this report
require no particularly sophisticated hardware or computer



4

programming. The hardware required is readily available
through commercial sources~ and although the analysis software
is de s ig ned for a CDC, it sho uld be read ily adaptab Ie to mos t
host computers. It improves the quality of surveys by
increasing sample accuracy, as sampling error is magnified in
the areal expansion of survey data to the area encompassed by
the population under study.
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Table 1. Hardware descriptions of the components used in the
capturing of Loran C signals and their subsequent transfer to
a host computer.

Loran C Equipment

1) Internav Loran LC123 receiver
2) Adjustable notch filters for 1)
3) 2.5 m whip antennae

Minicomputer Components

4) Hewlett Packard Model 9825S - desk top computer
5) Hewlett Packard Real Time Clock, Model 98035A, European

time format option 002
6) Hewlett Packard Serial Interface, Model 98036A, female

connector option 001
7) Tape cartridges for 4), No. 98200.
8) Thermal printer paper for 4), No. 9270-0479
9) Seimac Model 8000, Loran C to computer, interface

10) Telephone coupler
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Figure 1. Schematic diagram of the hardware for data collection by the
minicomputer and data transfer to the mainframe host computer.
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APPENDIX A

D1\ '1'1\ CO L [, F:C 'PI 0 N

The programs in Table
on a specifically ass
"PROGRAM TAPE," so tha tit
minicomputer is tur on
follows:

A-I should be mounted in Files 0-2
tape cartridge, here termed
will be as soon as the

The operating procedu is as

1) Mount "PROGRAM TAPE" (Table A-I) in data cartridge slot
(label is readable when cartr ge correctly mounted).

2) Turn on power to Loran C, then the HP9825, and finally the
SEIMAC in terface. [Note: on the ser ial interface
(HP98036A), the select code "switch" and the "baud rate"
switch should be set at 11 and 3 (2400 bps)
respectively.]

3) You are then requested to mount a data tape to write on
(preferably blank). Remove the program tape and replace
it with the current data tape. Press the 'CONTINUE' key
when the data tape is properly mounted.

4) If the data tape is blank (no data recorded), you will be
asked to answer a few questions. Here are some typical
responses:

What is the CRUISE ID? P301 - then press 'CONTINUE'
What is the VESSEL ID? PRINCE " " Ii

What year is this? 1980 " " "
What is the data tape ID? SCALLOPS - " Ii

What is the data tow, or
tape, sequence number? 100 " " "

5) When the program is "cold started" as above, it is in
Cruise mode. To enter Tow mode, press Function Key
'fl.' This key is labeled "Start Tow." (In Cruise

mode, a position is logged once every 30 sec, while in Tow
mode a position is logged once eve 2 sec.)

6) You are requested to enter the Station Number (press
'CONTINUE' after typing the number). A check is made for
sequential stations. If you must skip stations, just
re-enter the new station number when requested.

*The comments in single quotes are labelled keys on the
keyboard of the HP9825.
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7) The program is now in Tow mode. When the tow is complete,
press Function Key 'f2" labeled "Stop TOw," to return
to Cruise mode.

8) Whenever is necessary to interrupt the logging of data
(either in Cruise mode or in Tow mode), such as at the end
of the day or if the drag caught on the bottom, simply
press Function Key' , This key is labeled "Hal til
and stops the recording of data.

9) It is necessary to halt the program before interrupting
the power to the HP9825. If the power is interrupted
without first bringing the program to a halt, data will be
lost.

10) After a halt, the program may be restarted where it left
off by one of two procedures:

a) if the power was not interrupted, simply press
'CONTINUE';

b) otherwise, with the HP9825 and SEIMAC Interface off,
begin with the "Cold Start" procedure from Step 1.
After Step 3, the program will automatically restart
(in the same mode).

11) Most of the time the program will display the current time
in GMT [Grenwich Mean Time, or UCT (Universal Coordinated
Time), as it is now called] and the estimated time until
the next required data tape change (based on the current
mode). When there are less than 90 sec to a tape change,
the HP9825 will alert the operator th "beeps" at
one-second intervals.

12) When the HP9825 is ready to accept the next sequential
data cartridge, a mount message will be displayed and an
alarm of four beeps per second will sound. With the
correct tape mounted the operator can continue by pressing
the 'CONTINUE' key.

13) Tapes are entified by an alphabetic label followed by a
sequence number (e.g. SCALLOPS 1). When a blank tape is
entered into the calculator, the operator should write
this identification on the paper label of the cartridge.

14) The program requires a blank tape as the next sequential
tape. You can force the program to accept a tape already
containing data by pressing 'ERASE' instead of 'CONTINUE.'
(Use caution here so not to overwrite a tape containing
important data!)
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Time Clock" will maintain its correct phase even
HP9825 power is turned off (there are NiCad
in the clock itself). If, however it becomes
to reset the c to the correct GMT, this may
pressing Funct n 'fS ' labeled "Set

16) If this key (
time routine

) s ssed c denta
pressing CONTINUE

the set

17) Enter the time to set in advance.
quest n (i e. Hour? Minute? etc.
press 'CONTINUE

Respond to each
w th two d its, then

18) The calculator will then wait until the time mark. At the
time mark, press 'CONTINUE' to reset the clock to the time
you previously entered. The program will then continue in
whatever mode it was in before you pressed ~5"

NOTE: When setting Month and Day of Month, remember that
you are setting GMT and the date may not be exactly the
same as your local month and day.

19) If an error occurs, consult the error booklet under the
cover of the printer tape magazine on the HP9825. Correct
the error, then press 'RUN' to restart the program. Some
tape operations which result in an error may be retried by
pressing 'CONTINUE'; these will be indicated in the
display.

20) It is important to clean the
wheel after every eight hours of
of dirt will cause tape errors
will describe how to do this.

drive head and drive
use. Otherwise, buildup
Computer structions

The specifi t e per between data recordings can be
modified To change the time intervals the tow and cruise
modes, modify the value assigned to "I" in lines 41 and 42
(Table A-I; File 2) respectively. The more equent the
recording of data, the quicker tape capacity will be reached.
Standard tapes 11 record r about 7 hrs in Tow mode and
108 hrs in Cruise mode. [The number record ing hours per
tape cartridge can be calculated by multiplying 13,000 (i.e.
500 bytes/file times 13 files times 20 tracks) by the number
of seconds between recordings, and then dividing by 3,600].
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Table A-I. Programs used to transfer Loran C navigational bearings
from Internav 123 receiver to HP9825 tape.

File #0 File #2
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Table A-I Contd ...
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Table A-I Contd ...
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APPENDIX B

The program listed in Table B-1 used to establish
communication between the minicomputer and host computer,
while the program listed Table B-2 transfers the data to a
disc file The following ating procedure* should be
followed:

1) Define a file "Data" on the desired account in the host
computer through a normal terminal.

2) Dial the host computer get a signal, and mount the phone
in the coupler. Place the 'Program tape' in the HP9825.
[Note: On the serial interface (HP98036A), the 'select
code' switch and the 'baud rate' switch should be set at 11
and 7 (300 bps) respectively.]

3) Type in 'ldF ( fno)' (Table B-1), then press 'EXECUTE' and
'RUN. ' [Note: (fno) = file number of this program on the
tape cartridge.]

4) When the user number is asked for, enter it and the
password, then press 'STORE' and 'RESET.'

5) Type in 'ldF ( fnl)' (Table B-2), then press 'EXECUTE.'

6) Replace the 'Program tape' with the 'Data tape,' then
press 'REWIND' and 'Run.'

7) The end of the data tape 11 be announced on the HP9825,
and if there is another sequential data tape to be
transmitted as part of this run, load the next tape and
press 'REWIND,' then 'CONTINUE.'

8) After transmission is complete, on to the host computer
through a normal terminal again, and in "CHANGE, pfn =
DATA," where pfn is the permanent file name of the
transmitted data.

9) If additional runs are to be transmitted type in "CLEAR,"
"DEFINE, DATA, II then "CLEAR" again; and then repeat 6).

*The comments in double quotes are part of the Cyber Control
Language (CCL) used with the Network Operating System (NOS)
of the Cyber 171 host, which was used in this instance.
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~able B-1. Program used to establish communication between the
minicomputer and the host computer.

Ci; d if:'! fi 0 ~ ::~~:; [i ~
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Table B-2. Program used to transfer data from the minicomputer
to a disc file on the host computer.
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~) 4: if::; := ? ; Cl";' I ;
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APPENDIX C

The raw data should first be checked to ensure that the
dump from the HP9825 was successful, and that station numbers
were correctly inserted at both the beginning and end of tow.
Experience has indicated that control flags may accidentally be
inserted by the operator at the wrong time, making a check of
the "saved" data with the vessel's tow record log often a
worthwhile procedure. To obtain a less bulky listing of the raw
data, submit the program in Table C-l. To obtain a sequential
listing of the control flags and the data at the following
adjacent time recording, submit the program in Table C-2.

After any necessary data editing has been completed, the
data can be smoothed by utilizing the program in Table C-3.
Sample output is shown in Table C-4. This procedure utilizes a
weighted average to smooth the data with 19 triangular weights.

A smooth startup and ending is incorporated; this utilizes
a smaller triangle at each end of the data string to avoid
spurious oscillation.

The data are now ready for final analysis, utilizing the
program in Table C-5. For each tow, output is as follows:

TOW DISTANCE

Tow
Tow No. Ourat ion
No. Records (D)

(m i n)

A B C %
oi ff.

%
OJ f f.

Avg. Speed
(m/secl

A-C *100 B-C *100 (B/(0*60»
C

234 1195.44 993.44 899.92 32.84 10.39 1.80

where A =
B =
C -

total distance with 2 sec time intervals;
total distance with 10 sec time intervals;
total straight-line distance between tow beginning
and end.

Output from eleven research tows is shown in Table C-6. By
comparing the percent differences between the tow distance
calculated from every fifth navigational recording and that
calculated from the beginning/end of tow, it is evident that
Tow 5 was considerably curved. This comparison allows rapid
detection of those tows which were not in a straight line.
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Table C-l. Program to produce a less-bulky listing of the
raw data. Language: Fortran 77.

PR.GRAM PLISTIINPUT.~UTPUT.TAPE5,TAPE6)

C THIS PR~GRAM IS USED T0 PR0DUCE A LESS BULKY
C LISTING IF THE RAW DATA BY WRITING THE DATA
C IN H0RIZ0NTAL R0US ACRISS THE PAGE RATHER
C THAN AS ~NE VALUE PER LINE,

DIMENSI0N XI49.4l,YI49.4l
INTEGER ZI149.4l.Z2149.4l.DAIETM.FLAG
REAL L0RANA.L.RANC
1=0
H=49
J=l
FLAG=D
CALL ZER0IX.Y.Z1.Z2l
NC'UNT=O

10 READI5.*.END=12lLIRANA.L0RANC.DATE
IDATE=IFIXIDATEl
ENCIDEll0.15.DATETHlIDATE

15 FIRMATlll0l
HC' UNT =NC0UNH"
1=1+1
IHI.GT.49lTHEN

J=J+l
I:: 1

END IF
IFIJ.GT .4l'fHEN

11=4
G0T030

END IF
20 XII.J)=LIRANA

YII.J)=L~RANC

IFIDATETM.NE.O.OlTHEN
Ii EC' DEll 0•25 • DA TEHIl Z1I1, ,J) • Z2 I I • J )

25 F0RMATII4.I6)
ELSE

Z1 (l,J)=DATEHI
END IF
GIT010

12 FLAG::1
N::I
M::J
G0T03lJ

30 WRITEI6.40)
40 F.RMATI'1'!4{4X.'L0RAN'.5X.'L0RAN'.2X.~DATE'.4X,'TIME'»

WRITE{6.50){IXIIX,IY).YIIX.IY),ZIIIX,IY),12IIX.IY),IX=1,
$N),IY=l,M)

50 F0RMATI4911X,4IF8.1.2X.F8.1.2X,I4,2X,I6,1X)!»
IF(FLAG.EQ.llTHEN

WRITEI6,60)NC0UNT
60 FIRMATI!,lX,' TITAl LINES C0PIED=/.I6)

ST@P
ENI! IF
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100

CALL ZER0(X.Y.ZI,Z2)
I =I
J=l
G0T020
END
SUBR0UTINE ZER0(X,Y,Zl,Z2)
DIMENSI0N X(49,4),Y(49,4)
INTEGER 11(49,4).Z2(49,4)
[10 100 1=1.49

D0 75 J:::l.4
X(I,J):~O.O

Y(I,J)=O.O
ZI(I,J)=O
Z2il.J):=O

C0NTlNUE
C0NTINUE
RETUHN
END

Table C-2. Program used to obtain a sequential listing of
the control flags. Language: Fortran IV.

PROGRAM LIS! iINPU1,OUIPU1,lAPE5=INPUT,TAPE6=OUIPU"r,TAPEJ,TAPE81
C * THIS PROGRAM LIS"rS SEQUENIIALLYfHE BEGINNING AND END FLAGS
C * Of THE TOWS, PLUS THE FIRST LORAN RECORD AFTER EACH OF
C * THE AliO\)[ ~':;OrIIAT filE TliiE OF OCCURRENCE CAN IlE CHE:CHEIt.

I :: i)

20 flLiUI i,} .*) Xl,:t2,n
IF ([OFi7!.NE.O) GOrO Ji)

IF (LE(1.1) WRITE (8,40) Xl,X2,:O
Y := 1"",

IF (XI.U,'500l Y := 1
IF c=: I ,LT , 5(1 0) tm IT :: (:J •-40) Xl ,::<2, kJ
GO TO 20

30 STOP
40 FORMAT (](FI5.1l,lX)

END
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Table C-3. Program used to smooth the raw data with 19 triangular
weights. Language: Fortran IV.

PROGRAM SMDATA (OUTPUT,fAPl6,rAPE7,lAPE8,TAPE5,DE#UG=fAPE5J
C
C THIS PROGRAMME UTILIZES A YEIGHTED AVERAGE TO SMOOTH THE
C DATA.WEIGHTS AI~E 'flUANGUlAR AfHi INVOLVE 1'1 POINTS. A S,;OOTI1
C STARTUP AND ENDING IS INCORPORATED oro AVOID SPURIOUS
C OSSCILATION AT EACH END OF THE DATA STRING.
C

EQUIVALENCE (XIN,YI
DIMENSION XIN(26001, YINI2600l, X(2600l, Y126001, YGTll?l, XL(2600

$ )

DAT A lAG T" 1• ,2. ,3. ,4. 15. ,6. I} • ,8. 1'1. , '10. , '1. I a• ,? . ,6. 15. ,4. I J . ,2. , I •
$/

NUGT ::.: 19
C :I:

C INITIr~LllE

c
20 CONTINUE

N ::.: 0
NN :.:: 0
ISlJ ::.: 0

c
C READ INPUT FILE
C

30 READ (},*) XX,YY,TIME
IF I[DFIll.NE.O) GO TO 90
NN :.:: NN+l
IF IXX.OT.500.) GO TO 50

C OUTPUT CORRECT SlAT ION NO.
IF (XX.OT.l0.) GO TO 40
XX - XX:~ "0•
n ::: AINT('fY+.5)
YY::: '0/10.

40 COilTINUE
IF err ME. ElL 1.) GI] TO 8I)

c
C BEGINNING OF TOY
C

YRIIE (8,110) XX,YY,TIME
ISIJ :::1
Goro 30

c
C MANIPULATE AND STORE DATA
C

50 CONTINUE
IF IISY.EQ.O) GO TO 30
IF (XX.GT.10.) GO 10 }i)

60 XX - AINTIXXt.S)
YY - AINI enl .5)
XX ,- :(x/I (l.

ff ,- YY/10.
70 CGNT I cWE

... /Contd.
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Table C-3 Contd ...

N ;;: ;'1+ 1
XININ) ;;: XX
fHW'O ;;: n
XL (to ;;;; TlNE
GO TO JO

t;
C um OF TOl,)
C

80 CALL SMOOTH (XIN,X,N,YG'f,NUG'f)
CALL SMOOTH IfIN,Y,N,WGT,NWGT)
WRITE 18,100) IXI!),YIII,XLII),I;;;;l,N)
l~lnTE 18,110) XX,FI,TIME
GOrO 20

90 STOP
I 00 FOR iiiH 12 IF 10 .2 ,I H, , IX) ,FI 2.0 I 1H, )
110 FO'~MAT 1]IF8.1,lH"lX»

END
SUDI~OUT1NE SMOOTH IX, Y, N,I,} JiV I
DIMENSION X126001, )12600), Vll?)
NSllIFT :: NV/2
NSTART ;;;; NSllIF'rll
NUn: := N-NSH I FT
VS := O.
DO 10 I:=I,tN

liS;;;; l,ISIVII)
10 CONTINUE

DO 20 I=NSTART,NEND
Y( I) ;;;; r)

DO 20 J=I,NV
YII) ;;;; YIIIIVlj)*XIINSHIFflj l)/VS

20 CONTlNUE
DO 40 I=I,NSHIFT

H ;;: NSHIFTII
(II) :: O.
VS ;;;;1(1)
DO 30 J;;;; 1, l(

'(11);;;; Y(I)+X(j):~lJ(NlH(lJ)

liS ::: VSHi I i'4li t1 J)

]0 corn INUE
Y(ll ::: (11)/VS

40 CONTHWE
I'll ;;: NEND I'
Ii ::: I'll,)

DO 60 I:::Nl,N
YI l! ::: O.
V:J ;;;; YI 1)
Ii ::: II 1
DO 50 j;;: 1,1<

ill! := i(1HXIIIJ NSIHFT-'I ):~li(J)

VS ::: VSHJ(J)
50 CONTINUE

til) ::: (( I) /VS
60 CONTINUE

RETURN
END
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Tabl C-4. Sample data of smoothing program (Table C-3) .
A = input data. B = output data.

A B

1.0, 30:343.::;,
12273.68, 30945.73,
12273~68, 30945e74,
12273.67, 30945.75,
12273.66, 30945. 7 6,
12273.66, 30945.77,
12273.65, 30945.78,
12273.64, 30945.79,
12273.63 30945.80,
12273.62, 30945.81,
12273.61, 30945.82,
12273.59, 30945.83,
12273.58, 30945.84,
12273.57, 30945.85,
12273.55, 30945.86,

1.0, ]Q84J 15, 0.0
12273.7, J0945.7, 2907185909.0
12273.7, 30945.7, 2907185911.0
12273.7, 30945.7, 2907185914.0
12273.7, 30945.7 2907185916.0
12273.7, 30945.7, 2907185918.0
12273.7, 30945.8, 2'i07185'!21.0
12273.6, 30945.8, 2907185923.0
12273.6, 30945.8, 2907185925.0
12273.6, 30945.9, 2907185928.0
12273.6, 30945.9, 2907185930.0
12273.6, 30945.9, 2907185933.0
12273.6, 30945.8, 2907185935.0
12273.6, 30945.8, 2907185937.0
12273.6, 30945.8, 2907185940.0
12273.5, 30945.8, 2907135942.0
12273.5, 30945.9, 2907185944.0
12273.5, 30945.9, 2907185941.0
12273.5, 30945.9, 2907185949.0
12273.5, 30945.9, 2907185952.0
12273.5, 30946.0, 2901185954.0
12273.4, 30945.9, 2907185956.0
12273.4, 30945.9 2907185959.0
12213.4, 30946.0, 2907190001.0
12273.4, 30946.0, 2907190003.0

12273.54,

12273.51,
12273 .4'],
12273.48,
12:273.4?,
122}],,45,
12273>!44,
12273. 3,
j22?3a42~

30'145.:3/ ,
30945.88,
30']45.8'7' ,
jQ945.?0
30945. '71,
30945.93,
30945.'14,
30'145.95,
30945.'76,
3094~L 97 ~

I). iJ

2'10 18'5?')?.
'1 '? (; 1:3 '5'11 1 ~

2'J0} 18'3';' 14 f

2?Q}18'S':'I"'. f

2'}O?1 as?18. ,
nO/11J5'?2l ,
2~'O/! 85723. ,
2?O? 185 i)2'5 . ,
290 7 185'728. ,
::: ij' I)? 'I 8 '5 'n() • ,

2907185933. ,
2?0? 18'5'135. ,
290? 185'13::' .•
2';0718'5'140. ,
:2'10718'5'142. ,
l'iO? 18'3'/44. ,
2?O?18'5'14? • ,
2~IQ7 18'5'74'1. ,
1'707185752.,
2'1071:35'7'54.;
l't!)? 185'J~5,). ,
21~/i)?'1 B:)'7'5 ij ~ :'

2?l):71 ';10 I):) 1"
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Table C-5. Program used to calculate tow time and distance.
Language: Fortran IV.

PR0GRAM LENGTH (0UTPUT,TAPE5,TAPE6)
C
C THIS PRIGRAM CALCULATES Tty TIME AND DISTANCE (M)
C FR0M HAUl I0NAL BEARINGS THREE MEASURES iF T0U
C DISTANCE ARE PR0VIDED:
C I)A TBTAl 0F THE DISTANCES CALCULATED BETWEEN
C EACH C0NSECUTIVE NAVIGATI0NAl READING,
C 2)A TITAL IF THE DISTANCES CALCULATED BETWEEN
C EVERY FIFTH NAVIGATI0NAl READING,
C 3)THE STRAIGHT-LINE DISTANCE BETWEEN THE FIRST
C AND LAST NAVIGATI0NAL READINGS.
CIHE PERCENI DEVIATI0NS IF MEASURES 11) AND (n FR0M
C MEASURE (3) ARE ALS0 GIVEN, AS IS AVERAGE SPEED (M/SEC).
c
C THIS PRIGRAM IS PRESENTLY SET T0 DETERMINE GE0GRAPHIC
C P0SITI0NS USING THE L0RAN C CHAIMS 593X IRl) AND 5931 (R2)
C IN THE VICINITY 0F GE0RGES BANK (42 DEGREES W(SI); 66 DEGREES
C N (S2».
C
C INITIALIZATIIN

DIMENSI0N N(4), ZLAT(2600), ZL0N(2600)
MN = 0
NT = 0
L :.:: (I

C Kl AND K2 CAN BE SET AT 0 SINCE
C 0NLY L0RAN C SIGNALS ARE BEING ANALYZED

K2 = 0
Kl :.:: 0
Rl ::;: 4H593X
R2 ::;: 4H593Y

C LATITUDE (DEGREES) STARTING P0INT : SI
C LINGIIUDE (DEGREES) STARTING P0INT : 52

S1 ::: 42.
S2 =, 66.
DID::;: O.
IllS:: DID

C THE PRIGRAM IS PRESENTLY SET UP rl
C READ A MAXIMUM 0F 2600 DATA VALUES PER T0U
C (1.44 H0URS IF REC0RDING TIME AT 2 SECIND INTERVALS)

Ii0 20 1=1,2600
ZLAT(I) - o.
ZL0N(l) ::;: O.

20 C0NTINUE

NTEST :: 1
NRI = 0
!T01J ::: NRT
ISHl :: O.
DIST :::: O.
DTF'Cr ::;; O.
WRITE (6,13(1)
WRITE (6,140)

... /Contd.
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Table C-5 Contd ...

c
C READ INPUT
C

30 C0NTINUE
READ (5,*) A,B,C
IF (E0F(S) NE.O) G~ T0 120
IC ;::: C
I1~ 40 1=1,4

J = 10-2*1
NII> ;;; IC/10**J
IC ;::: IC-NII)*1D**J

40 C0NTINUE
fiAY :::: N(O
X!'l~N :: NIl)
GMT::: NO)
XMIN :::: 1'1(4)
SEC '" Ie
IF iXM0N.EQ.O.! 60 T0 80
IF (ITIW.Ea.O) G. TI 3D

c
C IN T0W
C

NRT ::: NRT+l
liN :: MNt1
AI:! :: A
BI ::: B
CALL LIRAN IRl ,NIl ,A,Kl ,R2,NZ2,B,K2,XLAT ,XLIN,Sl ,S2,U
If INRT.Ea.l) 60 Ie 60
CALL TRACK IXlAT,XLIN,TLAT,TL0N,D)
IF INTEST.HLO G15 T' 50
WRITE 16,150) A,B,C,D,DIST,XLAT,Xl0N

50 DIST ::: 0151+0
TOAY ::: DAY
fGMT :: GMT
THIN:: XliIN

~- SEC
60 HAT::: HAT

nIH - XL0H
ZLAl(NRTl ::: XLAT
ZL0NlNRT) ::: XL0N
IF (MN.NE.5) G. T0 70
Nf :::: NRT-NZ
IFINRT.EQ.5)NP :::: 2
PLAT:::: ZLATO/P)
PUIlN ::: ZUHj (NP)
CALL TRACK IXLAT,XL0N,PLAT,PL0N,DD)
SLLAT ::; HAT
SLUHI ::; XL0N
DID::: IIID+Iift
HN :::: 0

7D IF INRT.NL1) 60 U 30

•.. jCon t.d.
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Table C-5 Contd ...
C
C FIRST flW REC'RD
c

FLAT::: XLAT
FL'N ::: XL IN
FGMT GHT
TIMEI :::: GMT*60.+XHIN+SECi60.
60 HI 30

90 IF (SEC) 120,90,100
c
C START 0F 10W
C

90 NRT ::: 0
IT0lJ :::: 1
DIST :::: O.
G. T0 30

c
C END 0F T'W

100 TIME2 :::: 16MT*60.+TI11N+1S£C/60.
IF(TGMT.LT.FGMT)TIME2:::: lIME2+24.*60.
TIME ::: lIME2-1IMEl
CALL TRACK (FLAT,FL0N,TLAT,TL0N,DA)
CALL TRACK (SLLAT,SLL'N,TLAT,TL0N,DD)
DlIl :::: DID+DD
NT :::: N1+ 1
DIFPCl :::: «DID-DA)/DA)*IOO
DIFPER :::: (IDIST-DA)/DA)*100
SPEED::: DIO/(TII1E*60.)
ISTA :::: INT(A)
WRITE (6,160) NT,ISIA,NRT,TIME,DIST,DID,DA,DIFPER,OIFPCT,SPEEO
DID :::: O.
lliST O.
IT0W :::: 0
NRT :::: 0
ISTA :: O.
MM :::: 0
00 110 1=-1,2600

ZLAT(I) :::: O.
ZL0N(I) ::: O.

110 CINTI NUE
G0 HI 30

120 SHlP
C
C
C

130 F0RMAT 1/54H N STN NHT T0lJ DIST. EACH DIST. EACH ST. L1NE
$,4X,26HXDIFF. %DIFF. AVG SPEED)

140 FeRMAT 114X,4HTIME,6X,43HREC0RD 5TH REC'RD DISTANC£ 1-81.
$5-,17HST. ( M/SEC)

150 F0RMAT 12FI2.1,F16.2,2F13.3,2F18.10>
160 F0RMAT (I3,lX,13,lX,I4,IX,F5.2,3F12.2,4X,2(F6.2,lX),6X,F5.3)

END

... /Contd.
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Table C-5 Contd ...

SUBR0UTlNE U.lRAN (RATE1 ,N10Nl ,REALI 1,Kl ,RATE2,NZ0N2,READ2,ti2,XLf1T,
$XL0N,START1,START2,LIST,IER)

c

FIRST AND SEC'ND RATES (4 ellS. EACH)
FIRST AND SECIND lINES FIR DECCA (1 Cll. EACH)
READINGS FIR THE FIRST AND SECBND RATES (7 CllS. EACH;
INCLUDE IiECHiAU

lINE INDICAT'RS FIR RESPECTIVE DECCA READINGS II CBl.
EACH)

INITIAL ESTIMATE IF lATITUDE (DEGREES)
INITIAL ESTIMATE IF LINGITUDE (DEGREES)

RATE1,2
NZ9N1,2
READ1,2

K1,2 =

START1
START2

c
c
C
c

C THIS SUBRIUTINE PH.VIBES AN ITERATIVE SILUTIIN T8 CINVERT
C HYPERBILIC NAVIGATIINAL READINGS T0 GEIGRAPHIC PISITI0N,
C TAKING INTI CIHSIDERATIIN THE ELLIPTICITY IF THE EARTH.
C IT IS PRESENTLY SPECIFIC T0 N8RTHUEST ATLANTIC LIRAN C, DECCA
C AND LIRAN A READINGS,BUT BY MIDIFYING SUBRIUTINE CHAIN, IT CAN
C BE ADAPTED T' ANY AREA REQUIRED CHANGES SH0ULD BE IBTAINABLE
C THRIUGH THE ClAST GUARD IR ANY BCEAN.GRAPHIC INSTITUTI0N.
C
C
C
C
C

c
CIMMIN iYi PI,AE,FL
DIHENSIIN PA(2), CR(2), DR(2), P0SN(2,2), D1ST(100), LSETll00)
DIMENSI0N HYP(2), X(2)
DIMENSI0N NTIM(100), SPDll00), R(4), A(4), B(4)
DIMENSI0N P0S16,2), XLIST(Z), WIDTH(2), C.UNT(2), BASE(2)
XLIN ;;; O.
XLAT ;;; XLIH
11 ;;; 0
INT ;;; 5
HH ;;; 9.0

C AE RADIUS IF EARTH
C FL FLATTENING IF REFERENCE ELLIPSIID

AE ::: 6376206.4
FL ;;; 0.33900753£-02
PI ::: 4.0:J:ATAN(I.0EO)
G~ Hi 30

10 WRITE (6,120) RAT£1,NZ0N1,READ1,RATE2,NZ0N2,READ2
IER :::; .7
Gt' TI 110

20 WRITE (6,140) RATE1,RATE2
61 T0 110

30 PIS(5,1) = START1*Pl/1BO.0
PIS(5,2) ::: START2*PIiI80.0

r
c

CAL L CHIi IN (R AIE 1, NZ" /II 1,R EAIi 1,Ii 1,P0S(2,i ) , P15 S(2,2) , F' 0Si 1, 1) , P. ~3 (1,
$2),PA(I),CIUNT(I),IER)

IF (IER,NE.O) 60 T0 20
CALL CHAIN IRAfE2,NZ'N2,READ2,K2,PISI4,1),F'IS(4,2),PIS(3,1),P0S(3,

$2),PA(2),C0UNT(2),IER)
IF (IER.ME.D) G. rl 20
CALL SPHRD IP0Sli 1),PISl1,2),PIS(2,1),P0S<2,2>,BHSE(1),A1,An
CALL SPHRD (PIS(3,1) PISI3,2) P15(4 ) PIS(4,2),BASEC2),AI,A2)

... IConhL
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DI1 40 1=1,2
WIDTH(I) :: BASE(I)/C0UNl(I)

40 C0NTl NUE
J = 5
ITER = 0

SO C0NTlNUE
ITER = 11£1\+1
IF (11£R.6T.40) G. T0 10
DiU 60 1=1,4

CALL SPHRD (PIS(J,1),P0S(J,2),P0S(I,1),P0S(1,2),R(I),A(!),B(]»
60 C0NTlNUE

R(2) :::: R(1)-R(2)
1\(3) :::: R(3)-R(4)
A(2) :::: A(I)-A(2)
IH2) :: B(I)-B(2)
A(3) = A(3)-A(4)
B(3) = B(3)-B(4)
D0 70 1=1,2

CR(l) :: R(1+l)+BAS[(1)
A(I> :::: A(1+1>
B(I> = BO+l)
HYP(1) :::: PA(1)*WIDTH(1)*2.0
DR(I) :::: HYP(I)-CR(1)

70 C0NT1NUE
Xl=DR(l)
X2 = DR(2)
TESI :::: ABS(Xl)+ABS(X2)
RLAX :::: 0.95
DET :::: A(1)*B(2)-AI2)*B(I)
D0 80 1=1,2

AO) :: {i(I>/DET
]3(J) :: FIIJiDET

80 C0NTlNUE
TMP ::: A(l)

A(J) .- B(2)

B(2) :::: HiP
A(2) :::: -A(l)
B(1) = -B(l)

III 90 1=1,2
PIS(S,1) = P0S(5,I)+A(I)*RLAX*DR(1)+B(I)*RLAX*DR(2)

90 C0NTlNUE
IF (TEST.GT.3.0) G. 10 50
X(l) :::: P0S(S,1)
X(2) = PISIS,2)
[10 100 1=1,2

XII) :::: X(I)*180./P!
1F(X(l).LT.O.)X(I) = X(!)+360.
!F(X(I).GE.360.)X(1) :::: X(1)-360.

100 C0NTINUE
XLAT = X(I)
Xl0N :::: X(2)
IF (LIST.ED.O) G0 T0 liD

... /Contd.



30

Table C~5 Contd ...

CALL LAL0 IXLAT~XL0N,LAT,L0N)

WRITE 16,130) RATE1,NZ0Nl,REAlil RATE2,NZ0N2,READ2,LAT,L0N
110 RETURN

c
c
c

120 F~R"AT (24H UNABLE TI PLIT PBSITIIN,2X,A4,2X,Al,F10.2,5X,A4,2X,Al,
$Fl0.2)

130 F0RHAT I1X,A4,3X,Al Fl0.2,2X A4,3 ,Al,F1D.2,2Il0l
140 F0RMAT 117H INVALID RATE - ,A4 4H 0R A4l

END
SUBR0UTINE CHAIN (RATE,NZBNE,READ,K,XLATM,XLINH,XLATS,XLINS,PA,

$CIUNT,IERl
CIMMIN IYI PI
DIMENSI0N ALATH(38), AL0NM(38), ALATS(38l, ALINS(38), ARATEIJ8)
DIMENSI'N XC0UNT(38), IDELTAI38l, IZINSllll, ALIRC(13)
DATA ALATM/47,73997778,46.91839444,49.34356667,47.63251389,45.

$73648889,45.65402778,43,70289167,44.96462222,47.84863333,50.
$11985833,50.15224444,45,21485833,45.21485833,41.24993333,59.
$98862222,48.69601667,41.24984722,41.24898056,40.47265556,76.
531934722.69.44951111,2*46.80755556,4*30.99409444,4*42.71405556,4*
$34.06276667,3*59.988108331

DATA ALINM/52.737050DO,55.37942222,54.87013056,59.23921389,61.
$90060278,64.93010833,65.24106111,62.14964722,64.69019722,61.
181303611,66.6 764444,2*61.175650 69.97232500,44.65243333,53.088400
$,69.97271667,69.97540556,74.01227718,69.35860000,54.24124161,2*67.
$92714167,4*85.16925,4*76.82607222,4*77.91298889,3*45.17~29722;

DATA ALATS/3*4B.35371389,2*47,35723056,3*44.56715278,3*49.85835278
$,47.56494444,43.4592 167,43.45927222,52.24737222,52.24758333,43.
$91811111,35.24053611,41.24898056 2* 0,52873056 41 25331389,46.
$7 56,30. .5319, ,0329 JBY,s .U62188b~;qo.

180755556,41,25331389,34.06278889 39.85209444,27.03289444,41.
$25328889 46.77558056,39.85207222 64.90736667,62.29989167,46.
i775580561

DATA AL0NS/3*54.16905,2*61.92671667,3*64.2681BB89,3*64.44477222,59
$.16408056,65.47120278,65.46971 11,55.61104444,55.61200000,69,
$26095000,75.52717500,69.97540556,68.29701944,68.29701944,69.
$97752500,53 17448889,90 82817778,97 83335833,80.11486667,77.
$91298889,67.92714167 69 97752500 77.91298889,87.48670556,80.
$11486667,69.97752500,53.17448889,87.48670556,23 92270833,07.
$07408611,53.174488891

DATA XC0UNT!286,1079,311.4186,343.2388,465,6644,307.5821,299.7552,
$211.4852,494.5979,513.6260,329 8720 455.3010,2026.1392 2630.4552,
$2967.5415,7314.1422,2894.5656,2015.9625,5504.3892,2342.9140,43'18.
$2113,3663.6454,4263.76,7509. 6 3619.08,8886.76 4403.76,5085.44,
55594.40,3939.86,6443.30,6324.12,5391.02,7082.62,16779.30,7121.42,
$8136.06,13607 52,10424.381

DATA IDELTA/O,3D,50,O 3D 0,30 50,0,30,50,4*1000,950,5*1000,11000,
$25000,11000,23000,43000,59000,11000,25000,39000,54000,11000,49000,
$28000,65000,11000,21000, 30001

DATA IZ0NS/24 18 30 24 18,24,18,30 24,18,30/

... /Contd.
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Table C-S Contd ...

DAIA ARATE/4H2R ,4H26 ,4H2P ,4H6R ,4H6G ,4H7R ,4H7G ,4H7P
$,4H9R ,4H9G ,4H9P ,4H1H1 ,4H1H2 ,4H1H3 ,4H1L2 ,4H1L3 ,4H1H7 ,
$4H3H4 ,4H3H5 ,4H2S6 ,4H2S7 ,4HSH7X,4HSH7Y,4HSL2U,4HSL2X,4HSL2Y,
$4HSL2Zf4HSS4~,4HSS4X,4HSS4Y,4HSS4Z,4HSS7W,4HSS7Y,4HSS7X,4HSS7Z,

$4HSL7W,4HSL7X,4HSL7Z/
DATA AL'RC/4H593X,4H593Y,4H996~,4H996X,4H996Y,4H996Z,4H993W,4H993Y

$,4H993X,4H993Z,4H793W,4H793X,4H793Z/
RAIl = F'1I180.0
I EF: = 0
I10 10 1=1,38

IF IRATE.EQ.ARATEII» G0 rl 40
10 CINTINU£

III 20 1=1,13
IF IRATE.EO.ALIRe(I» 60 T0 30

20 C0NTINUE
IER = 1
G0 T0 60

30 IF(I.GT.2)I = 1+4
I = 1+21

40 XLATn ::: ALATMII)*RAD
XL0NM ::: ALINnIIl*RAII
XLATS = ALATSII)*RAD
XLINS ::: ALINS(Il*RAII
DELTA = IIIELTAII)
CIUNT ::: XC0UNT(I)
IF IK.GT.O) 61 T0 50
PA ::: REAII-DELTA
G0 T0 60

50 CALL ZINE IK,NZ'NE,KZINE)
PA ::: KZ8NE*IZ8NSII)+READ-DELTA

60 RETURN
END

C ANDIYER-LAMBERT FIR DISTANCE, AZIMUTHS AND DIRFF. GIEFF.
c

SUBR0UTINE SPHRD IPHP,FLP,PHS,FLS,RANGE,A1,A2)
C.MnIN /V/ PI,AE,G
DL0N = FLS-FLP
SL ::: SINIDUnO
CL ::: C0S IDUHIl
SP ::: SINIPHPi
CP ::: C0SIPHPl
S5 ::: 5INIPHS)
CS ::: C05iPH5l
C = S5*5P+CS*CP*CL
S::: SQRTl1.0-C:l:C)
U ::: AlANiS/C)
C0SU ::: C

C ELLIPS0ID CIRRECTI0NS
Dlyl = 1U+3. 0:1:5) /11. O-C)
DV ::: DV*ISP-S5l*(SP-SSl
DIJ :::: (U-3.0*S)/11.0+C)
DIJ ::: DW*ISP+SSl*ISP+SS)
RANGE::: AE*IU-0.25*G:I:(DV+DIJ»)

... /Contd.
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Al ::; -CP*SS+SP*CS*CL
Al ::: AE*Al/S
A2 ::: -AE*CP*CS*SL/S

10 RETURN
ENII
SUBRIUTINE Z~NE IK,LPHA,NUHERI
INTEGER A,B,C,D,E,F,G,H,I,J
DATA A,B,C D,E/1HA,lHB,lHC,lHD,IHE/
DATA F,G,H,I,J/IHF,lHG,lHH,lHI,IHJi
MUliER::;; O.
L::; O(-lHl0
IF(LPHA.EU.AINUMER ::; L
IFiLPHA.EQ.BINUMER - L+l
IFILPHA.EQ.CINUHER = L+2
IF(LPHA.EQ.DINUMER - L+3
IF(LPHA.EG.EINUMER ::; L+4
IF(LPHA.EQ.FINUMER ::: L+5
IF(LPHA.EQ.GINUMER ::: L+6
IfILPHA.EU.HINUMER ::: L+7
IF(LPHA.EQ.IINUMER ::: Lt8
IFILPHA.EQ.JINUMER ::; Lt9
RETURN
END
SUBRjUTINE TRACK IXLA1,XLll,XLA2,XLI2,DISII

c
C THIS R0UTINE CALCULATES THE DISTANCE IN METRES BETWEEN TU,
e GE0GRAPHICAL peiNTS.
c

II AT A P113. I 4i 5'1 265;3 :5 '1 / , 5£C 180/648LItH) ;; j

C
C SEC1BO - NI. 0F SEC'NBS IN 180 DEGREES
C
C CUR - C.NVERBI.N FAeTeR FR.M SEC0NDS 18 RADIANS

CUR::: F'I/SEC180
c

URKI = XLA1*36DO.
URK2 = XLA2*3600.
FLA ::; RADEIWRK1/3600.)*CVR
FL. ::: FLA*C.SIURK1*CURI

c
C FLA - FACTIR TI CINVERT SEC'NBS IF ARC II METERS FIR LATITUDE
C FL0 II " "" " L0NGITUf.lE
C U - NI. IF SECINDS BETWEEN LATITUDE IR llNGITUDE
C

U - UHf( l-iJRK2
DSAM = ABSiW)*FLA
URKI = XLll*3600.
UR~2 = XL02*3600.
lJ ::; IJRf(1-IJRK2
DS~M = ABSIUI*FLI
D15T ::; SORT(IDSIM**2)+(DSAM**2»)
RETURN
ttW

" .jContd.
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FUNeTI.N HADE IXLATI
C fHIS FUNCTI8N CALCULATES THE RADIUS IF THE EARTH
C IN METERS AT A GIVEN LATITUDE IN DECIMAL DEGREES
C
C THE EDUAT0RIAL RADIUS 0F THE EARTH IS

RADED = 6378206.4
C D0UBL£ THE LATITUDE IN RADIANS IS :

BLATR = XLAT*3.14159265359/90
RADE ::: 0.998327073+0.001676438*C05(DLATR)
RADE = RADE-O.000003519*C0S(2*DLATR)
RADE = RADE+0.000000008*C0S(3*DLATRI
RADE ::: RADE*RADEQ
RETURN
END
SUBR0UTINE LAL0 (XLAT,XL0NG,LAT,L0NG)

C
C THIS R0UTINE CiNVERTS LAT & LiNG FR." FLiATING PT.
C T0 INTEGER (DEG-MIN-SEC)

HALFSEC::: 1./7200.

R ::: XLAT
Di 30 1=1,2

R ::: R+HALFSEC
III ::: R
RD ::: IIi
X = iR-RDH60.
1M = X
XM = 1M
XS = (X-XMH60.
IS = XS
IF (lS.LT.60) 60 T0 10
IS ::: 15-60
1M ::: 11'1+1
IF IIM.LT.601 60 10 10
1M = 111-60
III ::: III+l

10 CiNfINUE
L = ID*10000+IH*100+15
IF (I.EO.2) G0 T0 20
LAT ::: L
R = XL0NG
Gi 10 30

20 LiNG = L
30 C0IHINU£

RETURN
END
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Table C-6. Sample output of analysis program (Table C-5)

" STN N!H HW DIST. !:ACH DIS"T. EACH ST. LINE HiIFF. kDIFF. AVG SI:'EED
TIME REC0RD 5TH REC0RD DISTANCE l-ST. 5-ST. i M/SEC)

1 3 203 8.00 1476.11 1456.46 1454.24 1. 50 .15 :3.034
2 4 158 6.20 821.06 801.60 794.43 3.35 .90 2.155
3 5 141 5.53 803.96 794.67 794.12 1.24 .07 2,394
4 6 116 4.55 388.63 369.33 360.17 7.90 2.54 1.353
5 7 115 14.57 1669.03 1598.11 1175.38 42.00 35.97 1.828I

6 8 183 7.18 701.91 682.73 659.82 6.38 3.47 1.584
7 9 212 9.43 1718.69 1701.52 1686.63 1. 90 .88 3,006
8 10 '1"1" 9.25 1127.83 1109.50 1099.32 2.59 .93 1,999i.. ....IJ

9 11 253 11.05 1120.47 1090.45 1079.33 3.81 1.03 1.64:5
10 12 212 8.33 759.96 ?28.25 715.48 6 ")'1 1. 78 1• 4~.5 6._~

11 13 185 8.47 838.64 816.04 815.66 2.82 .05 1.606


