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USER'S GUIDE TO CALCULATING RATE OF FIRE
SPREAD

BY HAND-HELD CALCULATOR
James E. Eenigenburg, Computer Programmer,

East Lansing, Michigan

The programs in this guide use formulas devel- USER INSTRUCTIONS
oped by Simard et al.1 to calculate the rate and di-
rection of fire spread across any triangular or square Step Enter Press Display

plot. They can be used in the field with a hand-held 1_ angleA A 1/tan A2
Texas Instruments 2 TI-59 calculator. The first pro- 2 side AB B AB
gram is appropriate for use in a wildfire situation 3 side AC C AC
where three landmarks can be sighted and the time 4a tA D -t_

b tB R/S tB
when the fire reaches each noted. After the fire passes, c tc R/S tc
the angle and distances between the landmarks can 5 E rateofspread
be measured. The second program is best suited for 6 R/S angleof
prescribed burns where plot markers can be posi- spread_
tioned ahead of time. (4)

,Steps1through4 maybeenteredinanyorderaslongasallare
PROGRAM #1--THE donebeforestep5. In step4, the threetimes must beenteredin

TRIANGULAR PLOT chronologicalorder._lfangleAequalsplusorminus90°, angleAwill bedisplayedrather
thanI/tanA.

Given any triangle, let vertex A be the point the _Relativetoa base linebetweenAand B.
fire reached first (at time tA), let vertex B be the ,Ifthe user wishestoseethe rate ofspread again afterviewingthe

angle,pressingR/Swill causetheprogramto returntostep5without
point the fire reached second (at time tB), and let reexecutingtheentireprogram.Tochangeoneor moreof theinputs
vertex C be the point the fire reached last (at time and rerun the program, only the steps involvedneed be changedbe-
tc). Such a triangle can be placed on the xy-plane fore pressing Eagain. Changingone of the times of step 4 requires
(fig. 1), with point A at the origin and B on the reenteringall threetimes.Thedisplaywillremainfixedinthedecimal
positive x-axis. Note that C can be in any one of the configurationof thelastoutput.Toreturnto standarddisplay,enter
four quadrants, thesequenceINVFIX.

Inputs needed are the two sides AB and AC, and
the included angle A. Also necessary are the three
times tA, t_, and tc. The program calculates the rate
of spread across the triangle and also gives the angle
of spread O with respect to the positive x-axis. For
program listing and documentation, see Appendix I.

_Simard, A. J.; Eenigenburg, J. E.; Adams, K. B.;
Nissen, R. L.; Deacon, A. G. A general procedure for

sampling and analyzing wildland fire spread. Forest
Science (in press).

2Use of trade name does not constitute endorsement

of the product by USDA Forest Service.
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Figure 1.-- The triangular plot.

B

Figure 2.--The square plot.

Sample Run

Three landmarks are sighted during a wildfire Inputs needed are the time when the fire reaches
and the times when the fire reaches each is noted: each corner of the square, the length of a side of the
2.0 minutes, 3.6 minutes, and 4.2 minutes. The three square s, and the azimuth M.
landmarks are labeled A, B, and C, respectively. The
distance between A and B is 45 feet, between A and Define triangle A as that formed by ABC, triangle
C, 63 feet, and angle A measures 78°. B by BCD, triangle C by CDA, and triangle D by

Step Entar Press Display DAB.

1 78 A .2125565617 The program calculates the rate of spread ROS
2 45 B 45. and compass direction for each triangle and averages3 63 C 63.
4a 2 D -2. them to produce a rate and compass direction for the
b 3.6 R/S 3.6 square. Standard deviations of the rate and direction
c 4.2 R/S 4.2 of spread may also be obtained.

5 E 22.05

, 6 R/S 38. The program also calculates a vector average to
test variability. Here the rate and direction of spread

Output from the program shows the fire spreading for each triangle is treated as a vector. The four vec-
at 22 ft/in at an angle of 38° with respect to side AB. tors are added and the resultant vector divided by

four. The vector average gives the rate of spread in
PROGRAM #2 .......THE the indicated direction. The closer this number is to

SQUARE PLOT the arithmetic average, the less variable the direc-
tion and/or rate of spread.

The four corners of the square are labeled A through
D (fig. 2). It does not matter which vertex is labeled For program listing and documentation, see Ap-
A, as long as the order is counterclockwise. Angle M pendix II.
is the azimuth of B as viewed from A.



USER INSTRUCTIONS Sample Run
Step Enter Press Display

A square plot, 10 feet on each side, is laid out
1_ timeat pointA A t_ prior to a prescribed burn. Each corner is labeled2 timeat pointB B t_
3 time at pointC C tc counterclockwise, A to D, with the azimuth of side
4 timeat point D D to AB equal to 135 °. The fire reaches point B first at a
5 sideof square E s
6 azimuthM R/S_ averageR0S across square time of 5.0 minutes, point C at 5.3 minutes, point A
7 R/S averagedirectionacross square at 5.33 minutes, and point D at 5.54 minutes.
8 R/S standarddeviationof ROS
9 R/S standarddeviationofdirection Step Enter Press Display

10a, A_ ROSacrosstriangleA
1 5. 33 A 5.33

b R/S directionacrosstriangleA 2 5 B 5.
11a B' ROSacrosstriangleB 3 5.3 C 5.3

b R/S directionacrosstriangleB 4 5.54 D 5.54
12a C' ROSacrosstriangleC 5 10 E 10.

b R/S directionacrosstriangleC 6 135 R/S 26.34
13a D' ROSacrosstriangleD 7 R/S 357.

b R/S directionacrosstriangleD 8 R/S 3.71
14a E' vectorROSacrosssquare 9 R/S 8.

b R/S vectordirectionacrosssquare 10a A' 22.42
(') b R/S 357.

,Steps1 through4 maybeenteredinanyorderaslongasallare 1la B' 26.03
donebeforestep5. b R/S 6.

ffhe programmakesallcalculationsatthispointbeforedisplaying 12a C' 31.36
the arithmeticaveragerate of spread.Thistakesapproximately45 b R/S 356.
seconds. 13a D' 25.57

_PressingR/Satthispointwill causeajumpto step14. b R/S 347.
,Steps10through14maybeexecutedinanyorderandrepeatedat 14a E' 26.17

will. b R/S 357.
5PressingR/Sat thispointwill causeajumpto theoutputofstep6

withoutreexecutingtheentireprogram.Thismaybefollowedbystep
7, etc., if the userso wishes.Theusercanreruntheprogramwith The output from this sample run is as follows:
newdataorrestarttheprogramfromanypointmerelybyreturningto Rateof Compassdirection
step1. Unlikethetriangularplotprogram,allinputs(eveniftheyare spread ofspread
thesameasthepreviousrun) mustbe reentered.Thedisplaywillre-
mainfixedinthedecimalconfigurationofthelastoutput.Toreturnto Ft/min Degrees
standarddisplay,enterthesequenceINVFIX. Square

Arithmetic 26 357
Vector 26 357

Triangle
ARC 22 357
BCD 26 6
CDA 31 356
DAB 26 347
STANDARDDEVIATION 4 8
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APPENDIX I

The Triangular Plot Program

,..,..... 7:(:, L.E:L
0'0! I i A

002 "_::-:..S"*U Rearranging terms for computational conve-
00 3 t ! ! i
00_ .::29 CF' nience, the formula for the angle of spread 0 given

.-,.-, ......T by Simard et al. is:0 7..5 ..::_ ,-.,.,,
(iFi6 ._,-, ,-...-r..... _-_ _ .7, ! []

no-' C.O .:,0 0:tan-*[( AB _( tc-tA )-(tan-_)]
tB_tA.

riO:.=: 09 9 [\tB-tA]\AC _ A

_-_i _-_ 6 7 F_ The program first checks to see if angle A equals
0 i I :-:Fi YAH 90° (step 010) or -90 ° (step 013). If so, then 1/tan A
012 q _- _ + .....- equals 0. A zero is stored in memory register 00 R00
0 13 6 7 E0 at steps 006-007 for this purpose. If angle A does not014 :_::n -r_H
0 i 5 :-',:.:' :::',_T equal __+90°, then 1/tan A is calculated and stored in
0 ! 6 :-:0 TRH R00 (steps 015-019).
01;: 35 1.....::.:
I-i_! _', 42 ._,':'-r.L]
019 FI0 00
020 76 L.E:L
n21 :S:0 TFIN
022 9 ! R..":---;

N2:=: 76 LBL
024 12 B Sides AB and AC are read in with labels B and C

025 42 :-;TFI and stored in R12 and R13 respectively.02 6 i 2 12
027 91 F'..,"'.-;
02:3 76 LBL
0 2 9 13 C
0 :-',0 4 2 ST[1
Fi:31 1:-_-; ! :-:
0:32 91 R..."S

;7;i..................



-'3 3 ? 6 ' E',L Since we need tB tA and tc tA, first a negative
0 :-:4 i 4 !l tA is stored in R22 and R23, then tB is added to R22
0 :-:,5 9 4 + .....-. and tc to R23.
,_'-_:-:_,._ 4 :- :=;T D
i.-i:RF 2 2 2 .--.'
[73 8 42 £ i"D
0 :?;9 "-::-': 2 :!;
0 4 O 9 ! R..S
I-__. _i 44 _7;_,_,'f'l
04 :::.' 7'..:: ._::s,
N .i-:-: 9 ! F...:...'7;
n 44 44 SUM
F!4 5 ::':-: 2:4
0 46 9 1 R...:-;
N47 76 t_BL

At this point all inputs have been entered into the0 4 :-: i 5 E
0 4 9 4 :-: RCL calculator. Placing side AC in the t-register and an-
l-i._=,.t'l I :-', i --' gle A in the display permits taking advantage of the
0 5 ! :-:2 ::::: T calculator's built-in vector feature. P/R at step 054
0 5 2 4 3 RCL calculates the y-coordinate of this vector, which equals
05::', i i i I AC sin A. Dividing by tc - tA (steps 055-057) gives
0 5 4 :-:,.- F'.."R us the reciprocal of (tc - tA)/(AC sin A), which is stored
0 5 5 5 5 + in R30.
05 6 4 3 RCL
057 2:3 2 :-=',
058 95 =
059 42 STB
0 E,0 :-',0 :30

06 i 29 (:;F'
06, 2 4:3 RCL
0 63 2;2 2 .=,'
Ci6,4 6;.' EO The next section of the program evaluates
0 6 5 :=',',-','.4:.,:H AB/(tB - t,). First, a check is made to see if tB = t,.
L-jA_:, -'="....... :..... i .....::':: If SO,a special case exists and a jump is made to label
n_6.7 6 ..,_: ::.:: SIN.
i-t6,',::: _._,_:' Ri: L

0 6'? i 2 i 2 Otherwise, AB/(tB - t,) is calculated. Since this is0 7 0 55 -:-
0 7 i a 2 S T[] also an intermediate value of the spread rate cal-
.]72 21 2 i culation, it is stored in R21 before continuing. This
07:-: _:-: RCL value is then divided by (AC sin A)/(tc - t,) which
07"4 :-;0 ::::0 has been stored in R30, and finally (1/tan A) from
075 75 - R00 is subtracted. Taking the arctan in steps 079-

OT6 4 2, RCL. 080 yields 0, which is stored in R31.
077 0r] 00

0 7 8 9.5 = The rate of spread of a fire across a triangular plot
07'_ ;";' tN'

...... " " given by Simard et al. is:0 L:',0 L:',0 T FI1"--i
0:-: I 42 STE!

0 :-::::'. :3 t :-:! AB cos 0
i'-I',-',3 :",9 E:El'.-; r -
I[IL=;':_ 6.__ X (tB -- tn)' tB @ tn.
0 :=-.:5 4::":Ri::L
0 8 6 2 ! 21 Cos 0 is taken at step 083 and multiplied by AB/(tB-t,)
0:'.-:',7 95 = from R21. This is stored in R30 before jumping to
O:F.::-: 42 L:;FI] label A', where the output is displayed.
t-II[:9 :'.:.:t.-I :::I_-I
(.I'7I[1 6 ! I._TEl
0 91 .i.6, R '



092 7d, LBL
r-!9 :] :-:',::: ;; I H
094 09 9

@95 0 @ 0 If tB equals tA, the fire is spreading perpendicular
_-_gE, 42 .'-";TEl to the x-axis. In this case, O equals _+90 ° and
1-197 3 1 31 the rate of spread equals the absolute value ofi::l98 4 :-', I;::CL
0 9 9 x (" 3 0 (AC sin A)/(tc - tA).
I0t:::,, 77 l:.;E

,," ._r/l! i_:-, FI"
102 50 T::.::T

I 03 42 ST 13 The latter value had previously been calculated
1 0 4 3 0 3 t] in steps 049-058 and stored in R30. A positive 90 ° is
105 09 '? first stored in R31. The rate is checked at step 100
i0e, I]0 0 to see if it is positive. If not, its absolute value is107 9 4 + ." -
t 0:-: 42 STO taken at step 102 and stored in R30, and the angle
! 07 :3! :-:1 -90 ° is stored in R31.

i In 76 LBL

i i ! 1 6 R ' The output is displayed in the same units that the
! 12 4:3 R:CL inputs were given in. Two decimal places are allowed
11 :-', :] 0 3 0 for the user working in chains/hour. The user work-l ! 4 58 F i ::.::
L t 5 0 2 0":2 ing in feet/minute should round to the nearest whole
1 i 6 9.t F.'..."'3 foot. The angles are output to the nearest degree.
117 4?-; F.'.CL Steps 122-123 are added so that the output sequence
__i ',=: .:.1 31 can be repeated.
I19 5',-:F I:'..:
120 I-ji"l 0 I'J
.. .- _ "C"121 '-qlE.. .;
t,:_: 61 I'_] B
._.,::.:, 16 _'



APPENDIX II

The Square Plot Program

_:_:_ ?.¢ L_E:L The first part of the program is actually used last.i:t!-_ i _!!,F!'
g 02 ,_::i: F:r::L. Since the program pointer always starts at location
oo::i: 22 ;!::;-: 000 when searching for a label, all user-defined la-
0 0_i t;.:?; F !::::: bels are found within the first 100 steps. To further
N fi P; 0 :: 0 :-2
00S 9t F::.'S reduce execution time, absolute addressing is used
0 07 43 _:r:[ rather than labels for all branching operations.

) N9 :%E: F ..:::.::
0 i n (:_0 00 The code at left outputs the final results. The rates
0 _-i '?_ F'..r of spread for triangles A through D are stored in
0 .t .--: ;.'_i, i.F;L. even-numbered registers 22 through 28 and are out-

0 ! :-', :i '_ E_' put to two decimal places to satisfy users working014- 43, _'.c L
0 ! 5 ;: 4 24 in chains/hour. Users working in feet/minute should
016 t,',=_',F I ::-:: round to the nearest foot. The angles are stored in

017 n2 n2 odd-numbered registers 23 to 29 and are output to

0 i 9 4:-,, RC:L the nearest degree.
0 2 ,:_ "25 25
0 21 5 ::_',F ! ;:.::
0 22 0 N 0 n
Ci23 91 F:.":-:
A24 36 LB[.
025 I ',': F:'
026 4-:3 RCL
N27 26 26
N 2 :q ._',-',F .....- - ± ,.'.,

029 02 02
0:30 91 F:..-"',=_;
03 ! 4 :.:; R.:'L

-j :,,::,, ._o F I ::'::
0 :--:4 00 00
0 35 9 t R,"S
0:36 76 LB!..
0 :=',]" 19 Tj'
0 :qN 4 ::= RCL
1"1"" q " '--'_.:,.. ..-,_, 2',=:
040 5 P, F ! ::-::
L-141 02 02
042 91 F.'...."'.:;
04:3 4:3 F.'.CL
044 2'-4. 29
0 45 5 E', F I ::-::
046 00 00
047 91 F:..,"'.-:



04:< 76 LBL R30 and R31 contain the vector averages for the,]49 10 E'
050 4:Z-:RF:L rate and direction. Steps 060-062 show a jump to
o5 ! 3o 3o location 457, where the mean and standard deviation

05Z 5:-: F IX for both the rate and direction of spread are output.
053 02_'02
n54 91 R..."'.S
055 43 PCL
056 31 3l
057 5:::FI::::
05 :=: IZI0 FIr,i
f-_59 9.l R..."'.-;
060 61 GTFI
061 04 34
062 57 5.'
06:3 76 LBL
064 !1 £
"J65 42. STEI
066 0 i 01 The input labels come next. As each time is en-
hE,7 42 '..:_;TEl tered, it is stored in three different registers because
06:: o 5 05 each corner of the square is associated with threeL-169 42 '.3TE!
o7o 12 12 different triangles.
.ij7 i 9 I F.t..,S

"!72 7G LBL The program pages through the registers in re-07 :.'.: 12 B
Li74 42 :=_TM verse order, starting with R12. R12, Rll, and RiO
crr5 02 02 contain times for points A, C, and B, respectively,
o7__ 42 '.-:TD indicating that triangle A is processed first.0 .' 7 09. .39
07 :", 4 2 STB
079 l0 !0 R09, R08, and R07, containing times for triangle
o'a0 9 i R.'S B, are processed next. Triangle C is third, followed
o'.s i 76 LBL by triangle D.] ',=.',:.=' ! :-: C
] 8 ::', 4Z STU
F_:-',_ 06 N6
"'':'_ 42 ST0
t:i',36 ) 7 07
0 :-',7 42 '.:_;T[]
N',-',E', 1 i 11
"iE',9 '?1 R,"'.-;
r_90 7E, J__E,L"
Lq9 i 14 Z!
0'- 2 42 STL]
"' '=4"" -I ":', _ _,_J..:....... t-I:::
094 43 :-;-rB
-_'?5 04 r!4
L'i9E, 4 :' SF0
Ci'?7 n:-: N',:i:

099 '?E, I_E',L.

i on i 5 E Label E stores the length of one side of the squareiIlli 42 °.-;T0
o2. !:-'. t :-', in R13, and the azimuth in R14.
in:': q i _-:'-"':
1L]"i 4-: ST
!05 i4 14
.I.0 6 n.2 2
l N-' 02 2

_I _ :_ "_: 4 2 r;rrJ R15 is used for indirect addressing. Whenever al ,_i'?15 15
] in :_i 1 rate of spread or a direction is calculated, R15 con-
.t1! J"I2 ;2 tains the address where it should be stored. It is

!.i2 4 ? '.-;TI] originally set to 22.i t :-', q0 rio
i t q" iZiN ri

IIb'; 42 ,._Tl] R00 is also used for indirect addressing. It is orig-
! t6 30 no inally set at 12 and is intended to input the correct
I I _7 "_-2 ::';I[ [] triangle to the program as noted above. R30 to R33i i ',=--',31 :] I
i i '? 42 s _ 1] are cleared for later summations.
12F! :_::' -' "
!21 42 STI]

.-, m8 i..-.- 3:-: :_:;:}.:



- t,1
The main loop of the program (steps 123-352) is 0 = tan -1 _ t2 - t -P t2 _ tl, whereexecuted four times, once for each triangle. Since the

process is the same on each, for clarity this discussion
will use the notation of the first triangle. As noted t_, t2 and t3 are the three times in chronological order,
above, the times for the first triangle are brought and a and _ are constants dependent on the specific
into the loop in the order tA, tc, tB. The notation case involved (fig. 3).
min(tA,tc) is used to indicate the lesser of tA and tc,
while max(tA,tc) is used to indicate the greater of the Each case can have a subcase consisting of its
two. mirror image. To differentiate between the two, the

first group is called a and the reflected group b. Steps
The general formula for the angle of spread across 123-188 identify the particular case and subcase as

a right isosceles triangle (Simard et al.) is: well as place (t3 - t_) in R19 and (t2 - tl) in R20.

CASE 1 CASE 2 CASE 3

t3 t3 t3

t I t2 tl t2 t1 t2

a: 1 2 1

/3: 1 1 o

Figure 3.--The three right isosceles triangles.
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123 E;¢ STF The sequence begins by setting flag 1, which is

1_4 n i 0 i used to separate case a from b. A one is then storedi 25 ji ! i
i:='6 42 L-';T[] in R17 and R18, indicating fBand a respectively.
127 17 L'?

12n _2 'E;TI] Next tAis recalled (steps 130-131) and entered into

129 ",',-_ i e, the t-register. RC¢ at step 130 does not appear on1:Jrl 73, P.C*
i2i L40 n0 the calculator's keyboard. It is achieved by entering

•-: "-_ "? ' 3

1.=,_ ..... )(;T the sequence RCL IND.
i 33 0 ! i
1:]:_ '9_ +'-
135 4,4 SUH The program then recalls tc (steps 133-138), stores

1:1:6 00 00 it in R19, and tests it against tA (step 141). If tc is

I:?,7 7:_-: R(::_ less than tA, their locations (t-register and R19) areI ?,8 F4Ci 0 0
] :_::'? 42 ";TO switched (steps 144-146) and flag 1 is reset (steps

14o _9 19 147-149), indicating case lb, 2a, or 3a.
!4! 77 GE
i42 0 ! Fi!
14:-: 50 50 Then tB is recalled (steps 150-155) and stored in
144 :?,:- ::::: T R20. If it is less than the time currently in the t-

145 42 '=-;Tl register, min(tA,tc), then the triangle is case 3 and146 19 19
1,1T' 22 I H ' iB(R17) is set equal to zero (steps 161-168), min(tA,t c)
148 :36 :-;TF is moved to R20, and tB is placed in the display (steps

!49 01 n_ 164-166) before jumping to step 184.
t 5n 0 ! i
151 °-34 +/-
15 2 4 4 '.-;UH
i53 0 0 0 ]
!54 7f; F.if£:_
15F; f' {, {]1-1
•' .=,F, " -' _-;T []
t 57 20 2 n
I ._:4 .... GE- - f" (

! 60 7 0 7 0
t F, i i-1 i-t I-!

162 4':.' £;TD
16:3 17 17

165 4 8 E 1:.::C
166 2.10 20
i67 61 i]TO
16 :-: 01 0 i
I E,9 :-:4 :-i,4

If, on the other hand, t B is greater than min(tA,tc),

i7o :_:2 )::¢T it passes the test at step 158, causing a jump to step
!7' 1 4:2 E ::-::F:
!72 i 9 i'!_ 170. The program moves t B to the t-register, min(tA,tc)
I 7':-'. T'-' C-E to R19, and max(tA,tc) to the display (steps 170-172).
174 0 1 ill
17 5 E:2 :--:2,
i;::6 42 n:-0 A test is made at step 173, and if max(tA,tc) is
177 ;_0 2_1, greater than tB, the triangle is case 1, and a jump is

17n o2 2 made to step 182.
i 7 9 4 2 ':-;T [1
._....',::rl 16: ! 8,
18 i 3 :_-: )::: T If max(tA,tc) is less than tB, the triangle is case 2,

i82 _::_ E::::r: max(tA,tc) is placed in R20, c_ (R18) is set equal to
i:-::_=:19 i'-_ two, and tB is moved to the display (steps 176-181).!:-2,; 9a +.--
i ',::.q <.;-4:-;:,_I
i'.-:6 i'_ 19 Both case 1 and case 2 execute steps 182-183 and

I::'.? _ '.-;u!,l succeed in placing the maximum time, t3, in R19,
i :?,8 -!0 2'.i)

and the minimum time, t_, in the display. All three

cases come together at step 184, where t_ is made

negative and added to t= in R19 and t2 in R20 (steps
185-188).

10



1-,-_ :::') c:P The program now calculates 0. If t2 = tl, 0 = 90°.i90 4:::RCL
i9 i 20 20 This special case is processed with a test at step 192
192 67 Er.j and a jump to 222, where 90° is stored as the angle.
!9:-_, o2 02 All other cases are handled with steps 195-210.
194 2Z ::":'
i '95 4g RCL
! 96 I:-', i r: The formula for the rate of spread (Simard et al.)
i'q7 ":".. , b .j ::< is:
19 L:: 43 Rr:L
i 99. I '? i 9
200 55 + scos0
201 4 :_'-:RC:L ROS = t2 _ t_,
202 20 20 (t2 - t_) '
20 :-: ? 5 --
2o4 4:-: RC:L where s is the length of a side of the square. ROS is
:.--'05 17 i;" calculated in steps 211-221 and 232-235.2 n 6, 95 =
207 22 _.,,,"H"
:208 30 TFIN
2 A_q.. _..:' '.:;T 0
21 rj 21 21
211 :39 if:O'.f;
2 t :.'-' " = >::b .J

2 i 3 4 ::-',RCt
2 !4 13 13
215 55 +
2 i 6 4:=: RCL
217 20 20
21 :--:65 :;.::
:.::t 9 6 ! i]TEl
220 02 02
-.'21 :-:.2 2:2

•222 o'_ '? If we are dealing with the special case where t_22 :'_-: 00 0
224 42 STrj equals ti, the formula for the rate of spread is:
•:,o5 '-'! 21
":":'6 4 :-: RCL.
_- S

•-"-'- '::: l::-: ROS = _-_,E-.'" f' ! -

-"-'"' _5 + (% - t_),:1 ,-- ,-,

":'":'':J "3 R I-'

2:.=.:0 i9 i9 which is calculated in steps 226-235.2:31 55 +
"-':l"-_2._ ,. 4:-: RC:L

2:3:-: i0 1:-: ROS is stored indirectly in the register indicated
234 :}:4 r:::', by R15. ST$ at step 236 does not appear on the cal-2 :-:5 95 =

culator's It is achieved by entering the2:2'6 72 ST* Keyooara.
2::-:7 !5. 15 sequence STO IND. ROS is also stored in R34 for
2:-:::: 4Z STO later vector calculations and summed in R32, with
2:3 '?. :=:4 3 4
240 44 '.:';UM its square summed in R33 for later standard devia-
24 i 32 :'..,,-_- tion calculations.
242 :-:3 ',:'::z
2_ 3 4 4 :-;Ut,1
244 33 :--::n Ois stored in R21 for subsequent azimuth calcu-
345 o t i lations.
246 4,4 ',';UH
247 !5 !5

11



2_:=.: 32 :::::T The general formula for finding the compass di-
249 4:R RC:L rection of spread DOS is: DOS = N+0 + M, where250 17 i 7
•":51 67 ECj N+_0 is dependent on the case involved. Steps 248-

252 o2 ]2 306 begin the calculation with N + or N -, followed
?2

by a jump to 307 for 0 + M."254 ',-;7 iFF
•=,._ _ _ .., ._._ f'l 1 -I1

;.'56 n2 o2 Cases 1 and 2 pass the test at step 251 and jump

257 _:,5 65 to 272. Steps 258-264 are for case 3a and 265-271 for25 r', 0 '9 ,-.4.
259 oO 0 case3b.
260 94 +.." -

26,1 75 - Case 3a: DOS = -90°-e + M.
26R 6,1 gT[]
26 :-', 0 :; r:l:-',
26,4 o7 o7 Case3b:DOS = 180 ° + 0 + M.
265 01 l
266 0 :q E',
2_,7 00 o Cases 1 and 2 are tested again at step 274. Case
;.=:6n -:5 + 1 passes and jumps to 295. Case 2a is handled in

269 6i Gr_ steps 281-287 and case 2b in steps 288-294.
2 70 r:l-: n 3
271 !-!7 fl 7
272 4:] RCL Case 2a: DOS = 135°-0 + M.
273 18 l ',:.',
274 _,7 EJ]
275 02 02 Case2b:DOS = -45 ° + O + M.
2 76, 95 95
_:, , ',-',7 i FF
,_._,::, 0 i CI1
::279 .:l2 02
2'.=0 ',:_;8 E'.8
2 '8_ 0 i !
;2E',2 0 :::i', 3

b... 52 '8:i'. - _
" -' _ 7 f:;,-, 0 "!" _ ""

,.:,:...... 61 GT[3
2 P,F, n P, t32,
;2E',_ 0 ?' "i7
•m ¢-sC.,_.,:..... f.j4. 4
2 -:"_ 05 5
;-:'9r_ 94 +..-
2 '?t :::5 .*
2 '?2 6 :[ GI D
::::93 0 3 :t:?,
294 0 ? l:::!:_'
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;.::9.':; ::::T"!FF Case lb is processed in steps 299-304 and case la296 0! 0J
:::'.9:' 0::: 0:-', in 305-306.
29 :_: 05 n 5
29'-, 0q. 9 Caselb:DOS = 900 + 0 + M.
30 i-i 0 n r:l
:-:n ,: ,7:.=J +
:::',02 _,i ,_T0 Case la: DOS = 0°-0 + M.
3 J :-: r-i:-: J 3

:::o_ c,,' o? All cases come to step 307, where 0 is either added3 o 5 oo o
306 75 - to or subtracted from the previous calculation and
3 o/ 4:-: F.:r;:L added to the original azimuth M.

,:_ .t

:-:0 '? '.:',5 +
:-:t 0 4:-: F.:CL Steps 313 to 322 change polar to rectangular co-
:-:i i i 4 i 4 ordinates. The y-values are summed in R30 and the
:-:t2 95 = x-values inR31.
:B13 :' '-_...... ::<_T
:=:i 4 4 3 F.::-:L
:-:i __ :-:4 :-_4 Steps 323-325 return the angle to polar within the
:-:i 6 :-:2 ::.::; T field -90 ° _< DOS<270 °.
:::i7 3? F'.-R
:-',I ::_", 44 SU['1
::-',i 9 :-:0 :?,n Angles which are negative have 360 ° added to
:-:2o :-:2 x;:T them in steps 326-338.
•:,,::. I 4 4 5; I_tI'1

'-',:,..--',.=-*:-:1. :-:i
,-, ,-_,-,•:,_=.:, :-:2 ',:':',_T
:=',24 ;.='21N"-,,,
:-:25 :::,.-"F'.' F.'.
:?,26 32 ::<ZT
"-' "' ,:1 '=l.:., ..-? .... u
•--, .-,.:,,-:-', n5 5
:-:29 94 +." -
:':',1':',I'i " ":' _"_ .:,.. ::'::_i
:}:..... I";E._', J. ," f'

:-:32 J3 0:-:
:-::-::-', :_.9 :::9
:3:-:4 :-:5 +
-"- = 03 2
:-',:-:6 rl6 6
33 ? 0 -t 0
:'-',:-:*,-:9.5 =

13



:?.::_.9 72 s T. The angle is stored indirectly to the location ad-
:_:an,_ __, 15 dress that is stored in R15.
:=:41 0 1 1
342 44 SLIH
:?,4:B 1s t s Because triangle B is rotated 90 ° from triangle A,

:?,44 o9 '? and C is rotated 90 ° from B, etc., 90 ° is subtracted
345 i-i0 n
:?,46 94 *..- from the azimuth M at this point before returning
:i:47 44 suH to the beginning of the main loop at step 123.
L=',4 ',?, 14 . 14
?,49 D'.3Z

Finally, after the main loop is executed four times,
?, 5 ii:i 13 fl (71 it

:?.5] o _ o I once for each triangle, the program arrives at step
m _- m

=.......: :22. 2:?. 353.
::',5:3 4 :?, RCL
:354 :31 21
-=_ --_ The vector averages are calculated in steps 353-.::, ,2.2 % .J:?,s6 o4 _ 382, with the rate of spread stored in R30 and the

....... ..... angle of spread, after converting to positive degrees,:358 :32 l:.:;¢T
:359 4 :-: k i::L stored in R31.
2,60 3L! :30
361 55 +
2 eL,2 ) 4 4
:.?,6:'_:')5; =-
:36,4 E:2 ZI_Y
:365 9 7 P..F:
:3e,6 :3;F: >:: T
:367' 4 2!: :;:TEl
:36::2 :30 !:0
:!:6 9 9 :!;
:370 0 ....
:37 ] 9_ +.. -

:i:/'2, 77 GE
,:,_,,+ l::.t:3 0:3
,% .-.,.:,,5 ? J ',E',
3 76 :-',El +
:37 7 0:3 :3
:1,7 ',::; 0 6 6
:379 00 0
:3',?,i/) 95 ::
:":',8 _ 42 *_....
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3:-:3 75 A problem may arise when calculating standard:-',F_',4 0 i I
::,'-,'5 oe, :?. deviations, if the angles are close to 0°. For example,
:_:',:-:6 orj o 355 ° and 0° are only 5° apart, yet their magnitudes

::::-:7 95 = are 355 ° apart. To avoid this problem, 180 ° is sub-

38 :-_ 4;_: £TL] tracted from the vector average for a lower bound:-::':9 1 :-[ i t
:?,9o '-'= and stored in Rll. Then 180 ° is added to the vector• ,-, ._, 4"

:=:91 0:3 :_ average as an upper bound and stored in R12.
:",9 "::.' 136 6
"_ q '-' -I -I I-I.-, . ..., . _

:-:94 95 = After preparing R00 to R05 for statistics calcu-

:-:95 42 ST[J lations, each angle is checked to see if they lie within
:_--:96 i 2 12 the bounds.
:'-:97 0 4 4
:::9 F: 42 '.=;Trl
:?,99 n 0 n0
400 4 2 '.-;T[I
4 ]1 0 3 9:-:
40 2 00 0
4n:]: 42 STI]
404 +:I4 04
" ',M 4 .';.'"*.... STB
4 rl6 05 05

407 02 2
40,'--: 03 3 If outside the bounds, 360 ° is either added to or
4 o 9 ,I.2 s Tn subtracted from the angle before summing. However,
41 p 15 15 the original angle stored in registers 23 to 29 re-

41 i 43 R!-:L mains unchanged.412 ii II
41::: 32 '.:.::_T
414 ,"3 RC* Each of the four angles of spread _+360 °, are

,,,-i5 15 1.5 summed in R04 and their squares summed in R05.4i6 77 GE
417 04 04
418 24 24
4i9 85 +
420 03 3
421 06 6
• ,-, ..-14..-.."O0 0
42"_--: 95 =
424 32 X._T
• "-'=" RF:L4.."._, 43
426 1"-" 1-":'
42?" " " ::":._T•3 ."

4 " o ":'"" N"'
4 '.-'-q GE.. i"_..f-...?.

430 04 04
431 37 37
432 ?.5,.. -
4 .-', .3 13_. "_

434 06 6
435 O0 0
436 95 =
437 44 SUM
438 04 04
439 33 >::z
440 44 SUM
441 05 05
442 FI".--' --'_ ,,.... g,.,

443 44 SUI'I
444 15 15
445 97 BSZ
446 O0 O0
447 04 04
440 11 II
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Each of the four rates of spread and their squares
449 4:-: R,7L previously summed in steps 240-244 are now entered450 -_2 .4.:,.j .:s ..

._ into R01 and R02.#._1 42 '.:iT0
452 Ol 01

45::: 43 P.CL Using the calculator's built-in functions for cal-454 :_I>-.I:7:7
culating the mean and standard deviation, each can455 42 '.:;TB

456 02 02 be displayed by repeatedly pressing the R/S key. First
457 7S _ is the mean of the rates, then the mean of the di-
45:--: 5',-:F _::.:: rections, then the standard deviation of the rates,459. 0 .2 n :.='
460 '? i e y S and finally the standard deviation of the directions.
46! >:2 :_:',_'T

462 5:7 F I ::.:: Pressing R/S once more causes a jump to label E',4E,:=:00 00
4(,4. S i RY'.': where the vector averages are output. Although
46.5 z2 t t._',.' pressing label E' accomplishes the same thing, this
46_, 79 2 feature was added to eliminate one keystroke for46 :" 517 F i ::::
4 E,:_', oz :z:-=, user convenience.
469 9 ! R...'.-;
4,.:rt :::2 ::.::_7
47:1. 5:=7F ].::.:
47'2 00 0n
47:3 91 F:,"S
4.74 61 r..;TD
475 :!O K "
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