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PREFACE

This report provides coastal engineers a second series of algorithms for
a number of hand-held calculator programs for coastal engineering, primarily
in the area of wave transformations and wave generation. These algorithms
were developed under the U.S. Army Coastal Engineering Research Center's
(CERC) Littoral Data Collection Methods and Their Engineering Application
work unit, Shore Protection and Restoration Program, Coastal Engineering Area
of Civil Works Research and Development.

The report was prepared by Dr. Todd L. Walton, Jr., Hydraulic Engineer,
under the general supervision of Dr. J.R. Weggel, Chief, Evaluation Branch,
and Mr. N. Parker, Chief, Engineering Development Division.

The author acknowledges the assistance of J. Dean in preparing the manu-
script. The review by Dr. J.R. Weggel is appreciated.

Technical Director of CERC was Dr. Robert W. Whalin, P.E., upon publica-
tion of this report.

Comments on this publication are invited.

Approved for publication in accordance with Public Law 166, 79th Congress,
approved 31 July 1945, as supplemented by Public Law 172, 88th Congress,
approved 7 November 1963.

TED E. BISHOP
Colonel, Corps of Engineers
Commander and Director
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI) UNITS OF MEASUREMENT

U.S. customary units of measurement used in this report can be converted to

metric (SI) units as follows:

Multiply by To obtain

inches 25.4 millimeters

2.54 centimeters

square inches 6.452 square centimeters

cubic inches 16.39 cubic centimeters

feet 30.48 centimeters

0.3048 meters

square feet 0.0929 square meters

cubic feet 0.0283 cubic meters

yards 0.9144 meters

square yards 0.836 square meters

cubic yards 0.7646 cubic meters

miles 1.6093 kilometers

square miles 259.0 hectares

knots 1.852 kilometers per hour

acres 0.4047 hectares

foot-pounds 1.3558 newton meters

millibars 1.0197 x 10- 3  kilograms per square centimeter

ounces 28.35 grams

pounds 453.6 grams

0.4536 kilograms

ton, long 1.0160 metric tons

ton, short 0.9072 metric tons

degrees (angle) 0.01745 radians

Fahrenheit degrees 5/9 Celsius degrees or Kelvins
i

1To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,

use formula: C = (5/9) (F -32).

To obtain Kelvin (K) readings, use formula: K = (5/9) (F -32) + 273.15.
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HAND-HELD CALCULATOR ALGORITHMS FOR COASTAL
ENGINEERING (Second Series)

by
Todd L. Walton, Jr.

I. INTRODUCTION

The advent of the hand-held programable calculator has led to the develop-
ment of numerous programs in various fields of engineering and science.
Coastal engineering is no exception. This report provides algorithms for a
number of calculator programs useful in performing coastal engineering calcu-
lations, primarily in the area of wave transformations and wave generation.

There are basically two types of hand-held programable calculators: those
that use algebraic logic, such as Texas Instruments, Algebraic Operating System
(AOS) notation, and those that use Reverse Polish Notation (RPN), such as
Hewlett-Packard. The six programs presented herein are versions of RPN logic
suitable for use on HP41CV programable calculators with or without accessory
printer. Each program is documented, the assumptions are briefly described,
and references to more detailed presentations of the theory are given. This
same set of algorithms was programed for the TI-59 (AOS logic) and HP67 (RPN
logic) calculators in an earlier report with the same title (Walton, Birkemeier,
and Weggel, 1982)1.

Each of the RPN programs incorporates HP41 compatible print routines which
print and label all input and output parameters. The user only has to enter
the input parameters and the results are automatically computed and printed.
Since the printing routines increase program length by as much as 25 percent,
use of a magnetic card for permanent program storage is recommended. All
print steps are marked with asterisks and need not be entered if printing is
not desired.

II. PROGRAMS

Six programs (100, 101, 102, 103, 104, and 105) are presented in this
report. Program 100, a simple program that computes linear wave theory wave-
length for a given depth, is designed to be used as the basis for any program
that requires wavelength; in fact, it has been incorporated into programs 101,
102, and 105.

Program 101 is another basic program which computes not only wavelength
but also a number of other linear wave theory parameters. This program forms
the basis for program 102 and can be adapted to other programs as well.

'WALTON, T.L., BIRKEMEIER, W.A., and WEGGEL, J.R., "Hand-Held Calculator
Algorithms for Coastal Engineering," CETA 82-1, U.S. Army, Corps of Engineers,
Coastal Engineering Research Center, Fort Belvoir, Va., Jan. 1982.

7 1* 0XK pA Wmvah.M ILMa



Program 102 computes linear wave parameters and breaking wave height and
direction based on nearshore or deepwater wave information. Program 103 can
be used to forecast wave height and period in shallow water. Program 104 and
105 address wave conditions at structures--program 104 predicts the depth-
limited design breaking wave height at a structure; 105 uses Fuchs' equation

to predict wave transmission over a thin barrier.

Each program allows either English or metric input and output. Program
listings are annotated, making it possible to follow the logic of the algori-
thm and to make modifications if desired.

There are undoubtedly many calculator programs not included here that have
been developed on coastal engineering subjects. Practicing engineers who would
like to disseminate such programs (in either AOS or RPN) to other users are
encouraged to submit them to the Coastal Engineering Research Center (CERC).
If the response is great enough, additional reports presenting the programs
will be prepared. Comments, programs, or suggestions for programs should be
sent to:

Commander and Director
US Army Coastal Engineering Research Center
ATTN: Evaluation Branch
Kingman Building
Fort Belvoir, VA 22060

These programs and future programs will generally correspond to the following
nurl-ering scheme:

Miscellaneous 0-99

Wavos and currents 100-299

Inlets 300-499

Beaches 500-699

Geology 700-899

Structures 900-1099

In general, the documentation of programs submitted should be in a format
paralleling that of the programs presented in this report. A blank set of
forms which can be reproduced is included in the Appendix.
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Progreti l)eseriptlion

Program Titll 1OOR-41CV Linear Wave Theory Wavelength (RPN Logic)

Name T.L. Walton, Jr. Dae 1/82

Address Coastal Engineering Research Center

City Kingman Building State Zip Code
Fort Belvoir. Virginia 22060

Program Description, Equations, Variables. etc.

This algorithm takes deepwater wavelength as input and using the depth

at a given site iterates to obtain wavelength by linear wave theory.

Algorithm uses English or metric system of units.

REFERENCE

U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER,

Shore Protection Ianual, 3d ed., Vol. I, Eq. (2-4), Stock No. 008-
022-00113-1, U.S. Government Printing Office, Washington, D.C., 1977.

Operating Limits and Warnings

IOOR-41CV-1
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User Instruetions
IOOR-41CV LINEAR THEORY WAVELENGTH (RPN LOGIC) SIZE: O/1

STEP INSTRUCTIONS INPUT FUNCTON OISPLAY

I LOAD PRO&RAV\~ (WPIVIEL) ___ iEQ*wkIvEL' E-ORrI 7

TO CALCULATE L IN EN&LISH (INITS: _________

2 PRESS &ITO 'E~ TOE'

3 PRESS RIS [R/Sl PERaov?

4 FNTER MEmDO T, PIZESS XIS- T(SeC) [RIS] DEPTH ?
5 ENTE~R. DEPrI 1), PRESS RIS d (ft) I IS1 L-fft)

TO CALCVLATE L IN METR)C cVpJITS:__________

20- PRESS &TO "m 15TOrl ____

3a. PRES S Ris LRIS] PERIOD?

ia ENrER PERIOD 7- PRESS JZ/sec) LRISJ VEPrH ?

5a~ ENTER DEPTH D, PRESS RIS d~meiff) ERIS] L(,rir-5)

EXamvple / aof /a ___ ________

T= losec , d= ,olct (5.05m) _____

EN&LISH AND MIETRIC PRINT WS_________

EIIGL ISH__ _ _ _ _

PERIOD=

DEPTH-z

LENGTH=
175.7730 "

TV IC____________
PEP!P

DEPTH-z__________
3. 050

LENGTh'__________
9ol [=EALPpt

100R-41CV-2
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Program Listing
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY COOE COMMENTS

57 EtX

82 'E OR 59 / -n •

03 PROMPT 60 RCL 4 f1 +. I2T

04*LBL E 6,'L=L, rt rIM
65 32.2 8 ~nJ$'~62 RCI 63 d

86 STO 86 6(Eng3sh)- Ro 6 +

* 07 'HGLISH' 64 2

1o PpR 65 /

09 GTO 61 66 STO 02 ZL Z

104LBL -N- 67 PCL 03 2

tel *METRIC, 68 -
*12 PRO 69 PBS

13 9.81 701 6 (error -ance"
14 ST0 06 9 (rnric)- Rob 71 X)Y' I ft or

15LBL : 72 GTO 05

, 16 PERIOD: 73 RCL 02

17 pQ 74 GTO "ITERAT"

IS -PERIOD!* 75*LBL 05

19 WPT 76 RCL 02 L tn dr'sp/a
A20 PRx 17? *LENGTH=-

21 STO 87 T' £78 pOP

22 Xf2 I 79 PRX

23 RCL 06 SO STOP
24 * 81 .AND.
25 2
26 /
27 PI
28 /
9 TO9 Lof Rat

4 30 "PEPTH= "

1 1 3 1 P RO

32 "DEPTH?,
33 PROMPT

A 34 PRX
35 ENTERt

36 2 _____

.37 *
38 P!

39
Q 0 STO - Ro
41 RCL 01

42*LBL I1TERAT,
43 STO 903 L.dw

'
- R01 1_

44 1/X
45 PCL 05
46 *
47 TO 84
48 EtX
49 PCL 84
58 CM?

51 EtX

.52 - _____

53 PrCL ....

54 E"_
55 PCL 

L
56 CHS 100R-41CV-3

THESE STEPS MUST BE DELETE) IF NO PRINTER IS AVILRLE

II



Progauui I)eseriplion

IOIR-41CY Calculation of Wave Parameters from Linear Theory
Program Title (RPN Logic)

Name T.L. Walton, Jr. 1/82

Address Coastal Engineering Research Center

City Kingman Building Slate Zip Code
Fort Belvoir, Virginia 22060

Program Description. Equations, Variables. etc.

This program calculates the product of the wave number and depth, kd, the
ratio of group wave speed to wave celerity, n = 0.5 (l+2kd/sinh 2kd), the
group wave speed, Cg, the shoaling coefficient, Ks, the refraction coeffi-

cient, Kr, horizontal orbital velocity, u, and vertical orbital velocity, w.

Program input includes wave period, T, deepwater wave angle, ao, deepwater
wave height, Ho, wave phase angle, 8, depth of water, d, at which results
are desired, and depth from surface, z, at which velocities are calculated.
This program assumes straight and parallel offshore bottom contours for
assumption of Snell's law of refraction. Algorithm uses English or metric

system of units.

REFERENCE

U.S. ARMY, C(RPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, :.ore
Protection ManuaZ, 3d ed., Vol. I, Ch. 2, Stock No. 008-022-00113-1,
U.S. Governnent Printing Office, Vashington, D.C., 1977.

Operating Limits and Warnings

If printer is not used, R/S must be inserted where output values are desired
(i.e., where printer output steps are deleted).

10IR-41CV-1
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User Instruetions
IOIR-41CV CALCULATION OF WAVE PARAMETERS FROM LINEAR THEORY (RPN LOGIO) SIZE: 021/

STPINM~UCT1ONS I~f F~nN DSA

LOAD PRO&6,AM (LfIEAR) _____ 0.EQ L/WEAR, E OR M(7

To COMPlT-E IN ENGLISH 4'Al ___ ____

2 PRESS 6T0 "F" 67E TOI._u

13 PRESS is ERIS] FE RiOb?
A ENTEIZ -PERIOD T PRESS Ris -rYstc) [RIJ] DfPrH ?

FINT-EI DEP7- D, PRESS -RIS d(ft.) -EIS] A07
&, ENTER WsAvE A1N.&LEOo, _____

PRESS X/S o4 deq) ER/si Ho'7
?7 &VTE[ WM'E HSFSP&WT Ro, PRESS k, Ho(ft. EyiSl 2?
8- ENTER PEPM7 BELOW4 SURFACE, 1'._________

aIES ( ~Ft- [RIS] PH ASE?
9 FN77Jg WhVE PH4ASE AW(71-E 0, ____

PRESS RIG. o(e) ERIS] ___

io READ kd (u..ve n wo ~rdeph) c
//READ A' (ratlof qr'Waveseeed to uvpe~ ce ______

/2 READ- Ca (grOUP Walt 1pced) ( ftsec
13 READ Ks (shw i# exffieene)________

JK- READ H (wave hf-, ht) H____ ft.)
lb READ It (hort~onta( Orbiali Yefx.iW) a (f#/ ser-

17 gEAD WU (VerticaL or-bial vt/octu w ____ (ft/se-C

__ fok: "= ALPtfA1________ ___

1O1R-41CV-2
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User Instruetions
SIZE:

STEP INSTRUCTIONS INPUT FUNCTiON DISPLAY

To' COMPuTE I M'ETR/C OA/ l

67ZPS 3a - 1-7a AW THfE SAME A-3 ___

5m PS 3- /1 EXCE Pr __

OUTPUT H (IrYWCS)r

__ XAt1PLFS and /a:____

Th8sec, d= sD-Ft (-.2'4ni 0<03e ____

I = O~f* (f V 78n) , a- -IS-f &( -:15 732m.___

p)?INTOcITS: I
___________ METRIC________

PEPIOD=PERI1OD-

DEPm=. DEPTH=
%A~8e *5 IS.Z448 ________

18.0009 .' 5.4878 *

-is~e~o **' HQSE' -4.5732 *

CC= k 214 CG .7382 .

24,611-18 .5367 *.

0,91 4 0. .9103 ~
0.57,;, "'.9752 u

26.'437 . .:76 5

4 'IE* ... ____.___ I 4
5  

s

1O1R-41cV-3
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Program Listing
STEP KEY ENTRY KEY COOE COMMENTS STEP KEY ENTRY KEY COoE COuuENTS

56 STO I'
81 *l.BL "L~ [NEA"?57*LBL "aig
82 "E OR K so XEQ 88
03 PROMPT 59 2
84L8L E A *
85 32.2.__ 61 STO It 41to/ R,
@6 STU 14 62 XEQ 01
67 "ENCLISH"6 1'X

18 PRO 64 RCL 1

09 GT 63 65 .
1*LBIL *-- 66 !
t METRIC* 67 +

At 12 PRO 68 2
13 9.81 69 /
14 STO 14 V 70 -Wz
15*LeL V! f7l PRA
16 *PERIOD?' 1972 PRX
17 PROMPT 73 STO It n -p Ri
t18 "PEP1OOz" 74 RCL 04

019 PRO 75 *
428 PRX 7A PCL Q
21 STO 02 "-,' -z 77 '
22 *DEPTH?* # 1?8CG= s
23 PROMIPT % 79 PRO

It24 *DEPTH=, Ap 80 PRX
25 PRA 811 /x

t26 PRX 82 RCL 02
27 PT 83 *
2?8 * 84 RCL 14
29 2 35.*
3e * 86 4
3! STO081 21d- A6# 87 /
32 Aol " 88 P!
3 PROMPT 89
34 "Q0= 98 SORT1: 3, 91 'KS=' r = " -./ v

it 36 PRX f 92 PRO
37 SIR i93 PRX
38 STO 0 88; ~f.* -V 94 STO It s Rot
39 *HO" 95 RCL DO
40 PROMPT 9 RCL 81

441 "HO=' 97 *
I42 PRO 9 8CL 03
It 3 PRX 99,/ Jkd w7a'.

44 STO 08 40-' Rod 188 P.L 09
45 "Z?" 181 / Sing(
46 PROMPT 182 Xf2

C47 Z=" W83 1
49 48 PRO 184 -
F49 P X 185 CKS

50 'DTO 12 E"' Rz 186 1/y
51 "PN3SE- 287 1
52 PROMPT 188 ENTERt

#53 -PHASE=" 18e MC
454 P 110 X?2
*55 PRX it! -

Cb LETS 7-"t 5FS LINES I r A P gitI-R iS NOr AVAft& S 10O R-41CV-4

ALSO SC- 'OPEIZAT/N(7 LIM ITS AND W&RJNINbS' ON P 6OC IO R-1lC4-/.

15



Program Listing
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 SORT ir169 PRA

115 1 8 T.. . pl7e PRXus SI to g Roo71 876
*116 -K= 1?2#LBI W 60rok&
#11I7 PRA K RX 173 RCL 02 Jji9L-5 i'I-218
-fits PRX 174 Xt?

I19 RCL 88 PS5 PCI 14
128 C. 19 276 *
121 * 177 2
122 Rcl. I2 I78
223 ' 79 P1

*2 24 'H- 288/I
i 1 25 PP8 at2 /~ 3

4r 126 PR 1821 I Rk0
l1 RCI 14 182*B STERATd-~I
128 - 184 SI iLd +k
129 PCI 62 184 PI 82

1 286 *
132 197 S023 zrd -- g1
132 1 88 888 62 Ll

134 / 19 SCID 13Cs.,pj
!',5 DCL 86 1"1 RCL 82
136 -192 XEQ 85

237 $7D068 19 ID0 -0 1
138 PCI. 82 1 1934'L0

1 39 2195 
CI6

1 4 0 7 1 9 7 R C I . 2 2

142- 157 C
243 PCI. 12 299 2

145 2 2629 8 4
246 *22 PCI 0411- *
147 PI 283-
248 *26 8
149 PC. 84 265 1B
158' 286 X>Y*7

150 85O 02i~u 287 GTO 25

253 PCI 68 z269 C 0488
154 . 22898 25 ITRT
155 VC. 15 2216PCI. 25
256 Cos 212 PC. 84
157 2123'L0

V58 u2145106
f 159 ppQ R214 SID092)d Ra

162 CI.85f 217 PpX
262 Y88 @i 228 PTY
163 PCI. Al 229*. 162S'r&*)!64 * )280 M67snh()J5
I2c5 PCI. iil 222 EtC
166 728
167 '222 PCI 87 q-e

1____________ 223 CI ____________

DEI3LM1 7tfrS LINES~ IF A P-iNrFR /S N~OT AVAILASLS. IOIR-41CV-5

ALSO S6C WPW1N& LtfAITS A~ WsJ9NIWOCS' OWPE 1O19-41CA'-1

16



Program Listing
STEP KEY ENTRY KEY COOE COMMENTS STEP KEY ENTY KEY COO COMMENTS

224 EtX
22S -
226 2
227 /
228 PTN
2290LBL 82 sUbfh&d7 16 o-

230 STO 0? limes aq-a3 -

231 Etx
232 RCL 07
233 EMX
234 Etx
235 +
236 2
23? /
238 -END,
239 -END.

IfDEL TE "FTME LINFS i A PRINr'R iS Nor AVAiVILqtE. 101R-41CV-6

!RLsO Sse 'O9ERnrc L(IMM AD WPNRNiQ4S' ON Ipp/6E ioi1-,IICV-l.

17



Progr an Iescription

102R-41CV Linear Wave Approximation to Breaking Wave Height and
Program Title Breaking Wave Angle (RPN Logic)

Nam T.L. Walton, Jr. Date 1/82

Address Coastal Engineering Research Center

CAy Kingman Building Slate Virginia Zip de 22060Fort Belvoiri

Program Description, Equations, Variables, etc.

This program calculates breaking wave height, 11b, and breaking wave angle,

ab, using linear wave theory approximations combined with the shallow-water
breaking assumption. Input parameters are wave height, H, wave period, T,
wave angle, a, and the water depth, d, where the preceding three variables
are measured. An additional input parameter is nearshore beach slope, m.

The ratio of the breaking wave height to the water depth at breaking is pre-
dicted using the equation 0.22

=Hb/db = 1.16(/ 0y)

from Singamsetti and Wind (1980), where db is the water depth at breaking, H'
the deepwater wave height, and Lo the deepwater wavelength. 

This solution

requires the assumption of straight and parallel offshore bottom contours for
the application of Snell's law of refraction. Input wave parameters H, T,
and a can be in any depth of water, d. Algorithm uses English or metric sys-
tem of units. The development of the equation is derived on the attached
solution sheet.

REFERENCES

SINGAMSETTI, S.R., and WIND, H.G., "Characteristics of Shoaling and Breaking
Periodic Waves Normally Incident to Plane Beaches of Constant Slope,"
Report No. M1371, Toegepast Onberzoek Waterstaat, July 1980.

U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, Shore
Protection Manual, 3d ed., Vol. I, Ch. 2, Stock No. 008-022-00113-1,
U.S. Government Printing Office, Washington, D.C., 1977.

Operating Limits and Warnings

102R-41CV-I

18



SOLUTION SHEET FOR PROGRAM 102R-41CV

Development of the equation:

From conservations of energy

'I Cg Cos a = 8_ C gcos C j

where the subscript i indicates incident wave parameters.

If left-hand side of above equation represents conditions at breaking then

Cg =C =Cb 11dV 1V~b (2)

Rb
where K Hb (3)db

Now assume K =1.16 (m)O022(4

where Ho is unrefracted deepwater wave height.

Using (1), (2), (3), and (4) it can be found

Jb =H 2 Cgi cos a (5)

From Snell's law of refraction

sin ab sin aj (6)
Cb Ci

therefore.

sin 0b (sin i) J) Hb) (7)

102R-41CV-2

19



User Instruetions
102R-4lCV LINEAR APPROXIMATION TO BREAKING
WAVE HEIGliT AND) BREAKING WAVE ANGLE (RPN LOGIC) SIZE 02 1

ST!PI INSThuafloNs INPUT FUNCTIO DOMPAY

I LOAD PRO&RAM (AN6.LEB ( ____EEQ) WNGS rORMT

TO CALCULATE H60( IN ENGLISH UN ITS:____

2 PRESS 6TO "e" _____ &T "E" ___

3 PRESS PIS____is SLOPE ?

.4 r ENT7ER PsWE mPREss R/5  ," CR)5] DEPTV?

5 ENTER D9PTH D, PRESS RiS d (f.) ERI/S] A NGLE?

4' ENTE R ANGLE o, PRESS 'RIS V((dOq.) CRIS] H.7

'7 ENTER WAUVE ktElI6H-, H, PRESS ih H~ft.) ER/S] PERIOD?

8 ENTER WhvE ?E.R)OD Tr, PIE55R)s 7r(Scc) [R151

/0 PMESS R/5 , READ) n LRISI n____

/I PRESS RIS, READ Cl ____ _______ C9 (ft/sec)

iz PREss Rs, READ Ks ER/5s)K
13 1PREs s Ris, READ HecHk CRIS] SJe.

Il PRESS R/S, REAb 14, cpjsJ H6 (ft)

/5 PRESs R/s, READ cOb ERIS (dl, We

ITO7 CALCULPTE I ~~ IN METRIC UNIlT5:_________

FOLLOW THE SAM~E INSTUCTIONS AS A30VE EXCEPT7

PRES 5- TO "M" AT STFP_20 _ ____ ___

Ir-WvT b and H INi tETERT ___ __

CHo', Hb ARE OUTPr /N ms, m, fli K F-spec7-7 FL V.

nofc: I~CALPHAI___ __ _______

102R-A 1CV-3
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User Instructions
SIZE:

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

E'(AMPLE:

jmpat mz o.,o, d= 'ot.ft (15.24 )

= o.30, H=It (-.A87 m)

EN6LISH 'RINTOUT: I'1TRc M PRI rOT:
E LIS ETPIC

SLOP= SLOPE=

5B.! 008 ***15.,24
UM 'IL- PICtL z

18.88 s.* 5.487
PER!MD- PEPTlP=

8.8.

4* 0. 724t C 0.7342 ...

24.620' * 7.5.36"1 ,

k .9124 i*I91 t, ,
| HOK(P= -!-) '

19.7284 ** .029 6 ,o
we. HB=

16.9@? $It o.z 5.1 *85!

~20.7859 , 20,.74k ( ...

102R141CV-4
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Program Listing
STEP KEY ENTRY KEY COOE COMMENTS STEP KEY ENTRY IEY COOE COMMENTS

@1*LDL "HCLE 57

62 *E OR M 58 STO 03 Le Ro.

03 PROMPT 59,LBL "ITERAT"

@ .LRL F 60 STO 11 Laid
05 32.2 61 1/x

@6651014 -62 PCL 12
007 -E4G1 SN- g(EflI JI 63 *

64 STO 13 2 - R-i

696 T1 01 65 Q 02

1t0LBL " 66 T0 6Oh (R.5) v
*11 -ETRIC' 67 RCL 13

* 12 PP 68 XEQ 63

I' .8 11 69 STO0 6Sn
14 ST0 14 9 (W Itc)- R I 76 RCL 06

15*LBL 61 71 /

016 "SLOPEz" 72 RCL 63

* 17 PRA 73 *

18 'SLOPE'
"  74 RCL 11

19 PROMPT 75 +
t 9PPX !62

21 STO 15 77 /

'1 22 *DEPT6z" 78 STO 04

24 'DEPTH' 86
25 PROMPT 8! ADS

t26 Po 821

28 P1 84 GTO 13

29 - 85 RCL 64
3e 2 86 GTO "ITERAT"

31 * 8?*LBL 13

32 ST9 12 88 RCL 12

433 -H6GE" 89 RCL 64

*34 POP 96'/

35 *ACLE
)
,' 91 STO 09 R0"

36 PROMPT *92 di.aspia'q
0137 PRx 4193 PRA

38 STO @6 *94 PRX
939 -wz* 95 STOP

£L49 P90 96 2
41 "4- 9? *
42 PROMPT 9e STO 11 2cd# p Rij

J43 PRX 99 XEQ 63

44 STO 68 -61 in I/x
445 'PERIOD=' 101 RCL 11

046 PA 192 *
47 *PERIOD' 163 1
48 PROMPT 1.4 +

4149 PRX M65 2

50 CIO 62 T
"
- Ro. 166 /

5! V1 107 STO 61 fl. Ro

52 PCL '4 18t dl*e .- display
5' 2 *11 PRO

55 ' 111 STOP

56 r ! 112 Cr.L 64

-DELETE 11iE.E sr PS I F A PRINTER )S p4OT AVAILAI6LE. 102R-41CV-S
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Program Listing
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

1 13 * 9169 'He=' l di ySplay
114 RCL 02 IWO0 PRA
115 / *171 PRX
116 $?R @4 -4p A01 172 STOP

117 -CC = d splay 173 RCL 86
p118 PRA 174 I/x
I g119 PRX 175 *
120 STOP 176 SOOT
!21 !/X 177 RCL 0

122 PCL 02 179 SIN
123 * 179 *
124 VCL 14 188 PCL 04
I 2* 181 /
126 4 182 PCL 81

!27 ' 183 *
38 PI !84 SINI! ,4K~s " e" gbiv d, sp/a

Q?9 / V185 -n= b(
138 SORT 119 PR
131 STO 11 K5.4v.R1187 PRX

V132 KS
=

- diSplay 188 STOP
I3 PRO 189 PTN

•I1'4 PRX 190.LBL 83 5irh ( )03,sriih'r
135 STOP 191 STO 87
13 CL @8 192 Ety
137 PCL I11 93 RCt 8'
138 in H.'i la ~ ~ 194 CPS

f 139 "IOR= 195 EfX
1o Rop !96 -

9J14! PRX !97 2
142 S OP 198
.143 PCL 3 199 TN

',4 / .Z@*LBL 82 co . h ( ) ,bJL'h'

145 SORT 281 STO 87
146 PCL 15 282 EfX
147 3 283 PCL 87
148 I/X 284 CHS
149 Z2 285 E+X
15 Ytx 206 +
151 1.16 207 2
152 * 2@8 8
153 PCL 14 289 .END.
154 /
155 $TO 06
156 QCL 98

157 X2
158 RCL 84
159 *
160 RCL 0
161 Cos
162 *

163 ._
164 Y_ 

_

165 PCL 86
166 .2
14 Y4P
168

102R-41C' '6

j PEL TE TESE STEPS A PRINIR IS NOT AV*-IL*.6LE.

23



Pn ogrgm leseript ion

ProgramTite 103R-41C Shallow-Water Wave Forecasting Equations (RPN Logic)

Name T.L. Walton, Jr. oate 1/82
Coastal Engineering Research Center

Addss Kingman Duilding strleZip 220

Cty Fort Belvoir, Virinia 22060

Program Description, Equations, Variables, etc.

This algorithm computes the wave height, H, wave period, T, and minimum dura-

tion, t, from input values of the water depth, d, fetch length, F, and

adjusted windspeed, UA, using equations (1), (2), and (3) of CETN-l-6. Equa-

tions (1) and (2) are for constant water depth and unlimited wind duration

and have been revised from equations (3-25) and (3-26) of the Shore Protec-

tion Manual. Wave height and period in this algorithm are significant wave

height and period. Algorithm uses English or metric system of units.

REFERENCES

U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, Shore
Protection Manuag, 3d ed., Vols. I, II, and III, Stock No. 008-022-00113-1

U.S. Government Printing Office, Vashington, D.C., 1977, 1,262 pp.

U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, "Method

for Determining Adjusted Windspeed, UA, for Wave Forecasting," CETN-I-5,

Fort Belvoir, Va., 1981.

U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCP CENTER, "Revised

Method for Wave Forecasting in Shallow Water," CETN-I-6, Fort Belvoir,
Va., 1981.

U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, "Revised

Method for Wave Forecasting in Deep Water," CETN-I-7, Fort Belvoir, Va.,

1981.

Operating Limits and Warnings

If a printer is not used, R/S must be inserted where output values are

desired (i.e., where printer output steps are deleted).

103R-41CV-1
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User -Instruetions
103R-41CV SHALLOW WATER WAV': FORECASTING EQUATIONS (RPN LOGIC) SIZE: L)2)

STEP INSTRUCTIONS INPUT FUNCION DISPLAY

I LOAD PRO&RNM (FOCPASr) [x EQ'IFoCAST E6Rm?

TO CALCULATE IN EN'&LISH ONITS: ___ _____

2 PR~E55 6T0 "~E &TO 'R" ____

3 PRF-5 5 . __1__ V~ A?

I ENTrER UA , PRE55 RIS L1A (YMPi) tR/51 ___7-CH

5 ENTER FETCH' F , PRESS, R/S F(mdes) l z53DP7-?
S ENrE.R 9E:PrH D, P9E5S P-1s dft) E~isl

I REAP H (wagv 'hqkot) H___ /(ft.)

8 READ T (10d Ptrlod) ____1sec)

9 RrEA1 TD M Im-N /t0L.Rs. (mnrirnL/ catsraj 4- t (havLr5)

70 CA1CUt ATFE ZlvN F1TR Ic UN, t____ T___:

za PRESS &TO i _____ _____1

3a- -9. SlkME AS SrOPS 3-9~ A80VE CEPT ___

lmpuT VA (XiJonger:51hr.) and__________

OVTPvT Pf(MRr*-S)

no [I PA 103R-41CV-2

103R-4 1CV-2

25



User Instruetions
SIZE:

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

__E)(AMPLES / Ondw /ca.____

1.EN~&LISI- cVNITS, CIS/NC _______

__ Q~'1r~9h ,F=3oo0mi/es

A= ~jknhr, F- 183.J2kmr ___

PRINTOUTS___

FETC4.~FETCRH-

DEPTH=

6.188800

~~~~1 SeC9 r.YL5C~*
T1PE

103R-41CV-3
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P'rogram Listing
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY COWE COMMENTS

41*LBL 'r1A'iKT* 57 RCL 85
@2 -E ); " .58'*
'83 PPRMWT 59 S01 j Rol
01'*LSL -- 68 PL 08
'853-2. .(nmh ,R 61 75
86 3TO 89 9~E7i~,o 62 YtX
871I. 47 63 .53
88 M # OnfliPh Coriv%&r, 64 *
09 528e Ro . 65 XEQ 83adN
16 '3T0 A!E,11 1  oivr' 66 ̂ ,W) 04 0h.()I

fit I ENGLISH, Ro 1  67 RCI 81
912 PR'8 68 SOQRT

!3 010 81 69 .88565
14*1.81 *48? *

V5' 8ETPIC* 71 RCL 84
lKt6 PROA 72

17 9.81 73 XEQ 03 Eoh -- ~
18 310j 89 3 (MefTIC Rol 74 RCL 04 w
19 .717 7. *
280 TOmetrc cOnlvers.0r8 76 .283
21 :W8' 77.
2)2 S10 Al ~ wc*Or(I~ 78 RCL 8
23*LBL !I-~Ro 79
24 "1Jq, ~80H=
25 PROMPT 'V81 PRA

*2f Ijp=- W 82 PPX
X 27 PP8 93 PCIL 88

29 31O083 U4 R0 3  :85 Ytx
30 -167CRn4 86 .833
31 PROMPT 87

It32 -FETCHt' 88 YOEa 83
W33 'pp 89 S3304 84h~.8

35 S88 5 F o5s 91 .337-.53:5
36 DEPTW 92 Y*%
-37 PROMPT~ 93 .9837Q

WL 38 -DEPTH=- Q4
*39 PRO 95 RCI. 84

* 4 0 PR X 
,3 

31
41 31 8 ? 808 Oh 2f ')r.3-C1642 PCL.0 98 PcI. 84 R U /
43 PCI. 07 299
44 * o4f"v R? 10 75

45 ST 18 1@cw~~ 1 '.546 PUI 09 102 PCI 8
4? RCL 87 183 /
48 Xf2 104 RCI. 87
49 ' 

185'/580 TO V/~ .- 19 *86
51 PCL 86 1987 PR
52 1 'clop Ppy
57 3f10q8ql 1@9 PCI. 89
54 PC. OS 11A

55 L P! 8~Itt PCL 87

103R-41CV-4
#PETEE iF pRNl~TF9 1S NOT AVF9,LA84,5

ALSO SEE oea" ~its~ anid Warr7,19y 0.' P. I03R-4KJV-)
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Progroam Listing
supt piv 100VW ItaCOO ca OMMENTS STEP EY EdMMY miV COME co"B"~r

113 2.333

11 4 YtX

11? 53? 0

Its *- --

119 SCI.1
12'
121 3600
122 /

'123 'TIXEz:
4124 PRO-
V125 M9

127kalB. 8U
12 STO 62
129 Ft%
138 RCL 02
131 C45
132 Etx
133
13' PCL 92
135 Mt _____

136 9t1 82
137 CHS
138 OX1
139 +
148'/
141 .END,

% DLMT ir Pg~Wt-A IS NOT AVAILA&E. 0R4C-

ALSO SEE 'opefa"$'z lu,"'1 ama warni~qS ON PJD13R-'4)CV- I
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Programi Deseripion

i104R-41CV Depth-Limited Design Breaking Wave Height at StructureProgram Tie (RPN Logic)

Name T.L. Walton, Jr. Ont 1/82
Addes Coastal Engineering Research Center
City Kingman Building Stale Virginia Zip code 22060

Fort Belvoir, Vrii 26

Program Description. Equations, Variables, etc.
This algorithm computes the depth-limited breaking wave height at a struc-
ture for design purposes. It can be used in lieu of Figure 7-4 of the Shore
Protection Manual. The equation for the curves in Figure 7-4 is not given
in the SPM but can be found by simultaneous solution of SPM equations (2-91),
(2-92), (2-93), (7-3), and (7-4). Input is wave period, T, and water depth
at the structure toe, ds . The development of the eqlation is derived on the
attached solution sheet. Algorithm uses English or metric system of units.

REFERENCE

U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, Shore
Protection Manual, 3d ed., Vols. I and II, Chs, 2 and 7, Stock No. 008-
022-00113-1, U.S. Government Printing Office, Washington, D.C., 1977.

Operating Limits and Warnings

104R-41CV-I
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SOLUTION SHEET FOR PROGRAM 104R-41CV

The following equations are given in the Shore Protection Manual:

db 1 (2-91)

Hb b - (aHb/gT
2 )

a = 43.75(1 - e g1 9 m) (2-92)

b = 1.56

(1 + e- 1 9. 5m) (2-93)

Xp = TpHb = (4.0 - 9.25 m)Hb (7-3)

ds (7-4)
Hb = - mxp

Equation (7-4) can be rewritten in dimensionless form as:

fib = ds

1b - afib)-1 - mTp]

where

Hb = Hb/gT2 and ds = ds/gT 2

The above equation can then be solved via the quadratic formula for Hb in terms
of ds, Tp, m, a, and b where the positive root provides useful results.

fb (mxpb - ads - 1) + (mTpb-ads-1)2 + 4amEp bds]'/2).(2amxp)-1

This is the equation used in the program for design breaking wave height.

104R-41CV-2
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User Instruetions
IO'4R-41CV DEM~-LIMITED DESIGN BREAKING
WAVE HEIGHT AT STRUCTURE (RPN LOGIC) SIZE: 021

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

I LOAD PRO&RAt-A (14B) ____ [XEQ " HB E OR M?

TO CALCULATE H1, IN EN&LISH VIn13: ____

2 PIZESS &To - r 6TO .

-33- PRESS RI ____ L)sJ SL-OPE?

A 1 6 N TCRF SLOPE mi, PRES_ RIS M' IRIS]I DEPrH,?

S ENrCER DEPTH D, PRESS d d(ft) E v Jsl ________

&~ ENTER PERio, -r, PRESS R/S 7 T(SeC ERIS]____

'7 READ H b IN FEET _ __Hb (ft)

To CAL CULATE Hb IN MMEJ'C UN' ______

za~ PR~ESS &TO I'm ____ 'm$.__

30. PKESS XI ___ fR)Sl SLOPE?

A10. ENT-ER SLOPE m, PR1ESS RIS m__ [ R1SI _______

570L E-NTR DEpr1 D, PREss Ris atme'e ) LRIS] PERbOD?

E,- NTER~ PERIlOD T~ PRESS RIS T(Sec) ERISTI

14L READ b iN MW1ERS ___ _____Hfree

Exo mple / ond /a~ ____

mr 0./0 d- /oft (3.05m), -T= / sec ________

ENGLISH PRINTou ege lmTo ____

eq 1 .4 - o ('; ; I _ _ _ _ _ _ _ _ _

PE;:

r~t: [ATHA

IO0sR- 4 1CV- 3
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Program Listing
STEP KEY ENTMY KEY CODE COAUMETS STEP KEY ETRY KEY coos COMMEMS

J €4I*L'L "."57 1

02 -E 0R91 '*" 58 +
03 PRO1PT 59 1.56
04#LBL E 6e /
"5 32. 61 1/x
06 STO 11EJSh)- RO 62 STO 04

• 0i7 "ENGLISH" 63 RCL 80

it 08 Ph 64 ENTERI
09 GTO 01 65 9.25

104LBL 66 *

v II *METRIC" 67 4

t 12 PRO 68 -

13 81 69 CR8

14 STO AS 3(welrc Rg RC. 0L
15*LBL 18! 7 *

F16 *SLOPE=* 72 S70 0.5
0117 PRO 73 PCL 04 0R
18 "SLOPE?" 74 *

19 PROMPT 75

1421 oq 76 -

z1 M0 " 771 -9 RO0 77 PIL 01

tr 22 -DEPTH=" 78 RCL 03
21, PRO 79

24 DEPTH') 80-
25 P0090T 81 STO 06 ve -o.s"

26po 82 M 2

27 TO 07 -w Rol. S3 4

*PMROD-l 94 RCI 03
9 24 P" 85 *

29 "PO), 86 PCL 84
"..1. pe T 87 *

-it #2 PoX 80 RCL 05
3? (.Tn. 7*T" R q 89*

96 PCI 01
25 PI 00 91 *

36' 92 +
37 93 SORT

38 RCL V 94 RCL06
219 0 95.+
40 STO 01 o 962

41 LT 9? /

42 1 98 RCL 93
43 * 99 /

44 CHS In RCL 05
45 EX 101 /
46 C48 102 RCL 01
47 ! 103 /
48 + 194 RCL 07
49 4J.-, 105 *

950 * -*m 106 -He-- Hb in displav
-1 ST 7A v 1sn it R #07 ARA
52 P' :X #N PR1

109 STOP

N4 110 END.

I THESE STEPS rvST BE PEL.TED IF NO PRINTER, I AVAILABLE 1oIR-41CJ-4
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Progrant i)escriplion

Program Tv 105R-41CV Wave Transmission - Fuchs' Equation (RPN Logic)

Nam T.L. Walton, Jr. Date 1/82

Address Coastal Engineering Research Center

City Kingman Building State Virginia Zip Code 22060
Fort Belvoir,

Program Description, Equations, Variables. etc.

This algorithm computes wavelength, L, in water depth, d, given the wave

period, T. The program then computes wave transmission over a thin verti-

cal barrier in water depth, d, using Fuchs' equation:

H - 47h + sinh 4Lh

47d + sinh 4id

L L

where Ht is the transmitted wave height, Hi the incident wave height, and

h the height of barrier. Note that this equation cannot be used when wave

transmission is by overtopping of a structure. Algorithm uses English or

metric system of units.

REFERENCE

U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, Shore

Protection Manual, 3d ed., Vol. II, Ch. 7, Stock No. 008-022-00113-1,

U.S. Government Printing Office, Washington, D.C., 1977, p. 7-62.

Operating Limits and Warnings

1osR-41CV-l
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User Instructions
10SR-41CV WAVE TRANSMISSION - FUCHS' EQUATION (RPN logic) SIZE: 021

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

/ LAD PRO&RAM (FUcH-) UEQ)3" F UCH ____

__TO CALCULATE IN F1N6LISH U/V/TS._____

2 PKE~s 6.rO "E" &T__ 0 6T" E" _

3 PR~ESS R/S ERIS] P~s EPT70f?

4 ENrER vepri4 D, PRESS R/5 a (ft.) DZlS SIL HT?

,5 ENTrER SILL IIE16HIT 1 PdES R/S h(ft) ERIS] PL-RIOD?

&~ ENTER PEROD -r, PR65ycs I/ -r(se"C 19151

'7 READ Ket M/Hi (TRANSMISIJ ____

__TO CALWLutogr INJ tIeTric (W __ ____ _

Za PRE55 6M- "M-V 7.ror1 ____

__srEPS 3 L- 7a. ARE TI*E SPrME A.S SYSy3-17 Ag yE ExCE#

__ mpurd._h,_INMF77FPS __ _______

OvrPc'T 4 (P91,NTE'R 0/v/Y) MEMRS _________

__ ra~o/ Iand /a.: ___ _________

__ values Used: ad/S-ftQ 11. 5-13in), h /0f (3.019 m r& Tw5c
PR/N7rOc,73: ____ __

15.60 MT SL T 4.5732 m

RE .6060 Mew PET~ 16.6m6 '

213.9238 " ______64.9450 5. ______ _______

9.5977 "'8.59?' 7

nof = [fLPfHA]
105R-41CV-2
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Program List inzg
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

57 E4X
41*1S L i 58 PCL 84
@2 8E OP M 59 CHS
03 PROPT 68 EtX
64*LBL. E 61 +

96 STO 86 ~ (ni~)Ro4 63 RCL 81 -n
V97 'ENGLISH' 64 *
At 88 PRA 65 RCL 8

09 GTO N 66~
10018L 4' 67 2

IF11 'MET8IC- 68 /
~12 PRA 69 STO 02 L- .
13 9.81 P~7 c'. 83
14 STO 86 9  M fJ ~
15#181 81 72 485
16 ;DEPTW*, 73 1
1 7 890881 74 9)

Wig IEPTH=, 75 GT0 13
Si 194 R 6 PCL q2
128 PRX 77 GT0 "ITERPQP
21 2 78*181 13
22 * 79 RCL 82
23 8 8 t

2' * 81 PRA
?5 STO 08 .77d- Roo 9832 PRX
26 "SiL HT7? 33 1/8
2? PROMPT 84 QCI 08

4128 'SIL Hl- 35 *
V29 PRA 86 2
It38 PRX 87*

31 ST108 88 88 STO 66 IlTd/L O
32 'PEPICY" 9 9 9 3
37 PROMPT 99 PCI 86

*34 'PEPIODl- 91 -t61 0)If 5 PRA 92 STO097
w"T6 891 9,7 4

37 Yt- 9' ENTE99
38 PCI 86 95 P!
39* 96*
46 2 97 RCL 8
41 / 98 .
42 DI 99 CL 92
43' 1/
44 ITO 0!lo 191 50 9
'5#191 *ITERAT, 193 PC 9
46 STO 0392V 1039PC 3
471/8X 194 +
48 PCI Of 195 RCI 97
49 * I IPh'
59 $TO 8' Lo 187 CHS
31 698 188 1
52 RCL 8' 1699+
57 CHS 118 09 ORT44 Kt Irl I sl
i' Fly *l1l 6
5! - t112 PRA
56 PCI P At 13 P __________

TfHESE LIN9S MUST BE PELETED IF A P~iNTFR Z's /v0T AvALA5-LL&
10SR-41CV-3
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Program Listing
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

114 PTH
115oLIL 4.
116 STO 45
11? EtY0
118 a L
119 rmHS
121 E__
121-
12?
123 /
124 .END.

10SR-41CV-4
NEL ED IF A PRINTE- iS NOT AV#*IIjt6LE.
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APPENDIX

BLANK PROGRAM FORMS

I 57 .



i'rogram i)escription

Program Title

Name Date

Address

City State Zip Code

Program Oescription, Equations, Variables, etc.

Operating Limits and Warnings

38



User lstruetions
Program Title

INPUT KEYS OUTPUT

STEP iNSTRUCTIONS DATAIUNITS DATAJUNITS

_ _ LIZ- L-]

_____ ____ [71 71 1

F=1

I--I -] --I

F-71 F77

....... .. .LZ L I

_ LIZ--

7-F [:- ::1c

_I__9--Z LIZ
. .. . . . .. __-_-_ _ I-ZL Z

_ _Kl] Z--_

__ _ __ I II I

___________] LZ _

______--7] L---Z

____ ____ ____ _ __ ___ II] LIZ
___ ____ _ L _] LIZ-

_ _ _--]LIZ]

_ _ _ _ _ _ _ _ _ _ _ _III] LIZ

_________LI LI
_ _ __ _ __ _ _ LIZJ LIZ

_ _ _LIZ LIZJ
I] II ,,

39



Program Listing
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

001

060

010

0020

020

080

040

0100

40



STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

170

120

to

1180

140

200

210

160

220

41



V4 I- a4 4-0

I ,1 - 0 -60 > a410 4

040 N 5.404 415 0~. 2
40 ~ ~~~~~ v

.
44C).4 v44, 403140 4 )

0 0>3. '~- ~ ~ 0~4
4044.- I m444. :14 4434 r 444.

'.4Z.44.~~ 0 )0 40144 C 04 4 1 4 1>)*4 - -4 1 4 C C )4)4S '4 - 1 4 . 4 4

4) C 44 440C014 4).. 4) C 44 4 C0 )
.44'444 444 444 5-44~ - 140 4.4440'o

Sc004. .. u 0. 0 cu
U 444 u .4~S. C C 14 04 44 '.4 1 0. IV 0w u4 1. '- v ). -0

>4 ,44 v -1 U 41 4 4 4 '4 bo' C.4 .- 1114 4 r4 .r

0 4)44 44 -0 w 0444414 0 C 
4 4 

4C4.444-4- w4 40' r4 4C4-44.v.CN. '.4) 444.44 14C )4 -0 4 444.

It,.404 155 'C 1411 0.440. 144 C 44
00 40 4 04 C 4 444 *0 4 0 4 0 ) 3 4 44 5 4 .4 - 4 . 4 c 4 c 5 C 4 z54 . 4 4 . 4 C 4 . 1 0 4

4) 040 * 4 ) 4 . 4 4 C * -) 4 0
44 *. 4. *'1 - 4I .. 44v 4.0 a..

0040. 24014 044.-1 w44. 4044 4. 04OW ) 444414m

4414443144 4U

c*.0 w444 04.o4>4M 4 .10 'c4044) . o >~~ .44 .C44 >)C0)4..4 .C44 4.4.4 44- . 4 >.41 >C4.. 044. 44 ' S 4.. C 44.S 4
34).4 04 444444 0'4'~4 ' U 441.441443)44; N114)-.314 14441 0 u w 5..31

'-44)) 0404 > )$ * 0444 4 00C4C 440m
-

4

41-C44-- .0' '-41015 044 .-01.C4- >0 'o444051 0-

'I-0 144 4414)4 C.91 ' ' .0 144 9. 0) C.3U
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