FOR ENGINEERS
AND SCIENTISTS




STRUGTUIRLED
[FOIRSTIRLAN] 272/

G S@U%ﬂ@ﬁ@

D. M. Etter

University of New Mexico, Albuquerque

0
The Benjamin/Cummings Publishing Company, Inc.

Menlo Park, California - Reading, Massachusetts - London -
* Amsterdam - Don Mills, Ontario - Sydney



To my family, Amy Marie and Jerry Richard.

Sponsoring Editors: S.A. Newman, John Noon
Production Editor: Greg Hubit

Book Designer: Marilyn Langfeld

Cover Designer: Henry Breuer

Copyright © 1983 by The Benjamin/Cummings Publishing Company, Inc.

All rights reserved. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any
means, electronic, mechanical, photocopying, recording, or
otherwise, without the prior written permission of the publisher.
Printed in the United States of America. Published simultaneously in
Canada.

Library of Congress Cataloging in Publication Data

Etter, D. M.
Structured FORTRAN 77 for engineers and
scientists.

Includes index.

1. FORTRAN (Computer program language)
2. Structured programming. I. Title.
QA76.73.F25E85 001.64'24 82-4400
ISBN 0-8053-2520-4 AACR2

CDEFGHIJ-HA-89876543
The Benjamin/Cummings Publishing Company, Inc.

2727 Sand Hill Road
Menlo Park, California 94025



Chapter 1
Grade Point Average (Ex. 1-1, p. 15)

Chapter 2

Railroad Track Design (Sample prob., p. 20)
Radioactive Decay of Thorium (Ex. 2-2, p. 34)
Gaussian Distribution of Resistor Values

(Ex. 2-3, p. 36) .
Distance Between Points (Prob. 50, p. 42)
Rectifier Tube (Prob. 51, p. 42)
Time Conversion (Prob. 52, p. 43)
Spherical Volume (Prob. 53, p. 43)
Standard Deviation (Prob. 54, p. 43)

Chapter 3
Nutrition Research (Sample prob., p. 44)
Slope of Line Through Two Points (Ex. 3-4,
p- 49)
Slope of Line with Data (Ex. 3-8, p. 54)
Sine and Cosine Computation (Ex. 3-15,
p. 64)
Polynomial Computation (Ex. 3-17, p. 66)
Parallel Resistance (Ex. 3-22, p. 75)
Parallel Resistance with Files (Ex. 3-23,
p. 76)
Circle Properties (Prob. 15, p. 85)
Triangle Area (Prob. 16, p. 85)
Metric Conversions (Prob. 17, p. 85)
Labor Force Percentages (Prob. 18, p. 86)
Stirling’s Approximation (Prob. 19, p. 86)

Chapter 4
Cable Car Velocity (Sample prob., p. 88)
Zero Divide (Ex. 4-1, p. 92)
Degree Conversion (Ex. 4-2, p. 100)
Velocity Computation (Ex. 4-3, p. 104)
Weight Category (Ex. 4-4, p. 107)

Test Scores with Trailer Signal (Ex. 4-6,
p. 119)

Test Scores without Trailer Signal (Ex. 4-7,
p- 120)

Salary Computation (Prob. 23, p. 129)
Solar Energy Data (Prob. 24, p. 129)

ENGINEERING AND SCIENCE APPLICATIONS

Nutrition Study (Prob. 25, p. 130)

Test Rocket Performance (Prob. 26, p. 130}
Maximum Test Scores (Prob. 27, p. 131)
Student Classification (Prob. 28, p. 131)

. Registration Summary (Prob. 29, p. 132)

Chapter 5
Population Study (Sample prob., p. 134)
Integer Sum (Ex. 5-1, p. 136)
Polynomial Model with Integer Time (Ex. 5-2,
p- 141)
Polynomial Model with Real Time (Ex. 5-3,
p. 142)
Polynomial Model with Variable Time
(Ex. 5-4, p. 143)
Timber Management (Ex. 5-5, p. 146)
Experimental Sums (Ex. 5-7, p. 153)
Factorial Computation (Ex. 5-8, p. 156)
Integer Squares (Prob. 25, p. 164)
Real Squares (Prob. 26, p. 164)
Germ Growth (Prob. 27, p. 164)
Diode Current (Prob. 28, p. 165)
Temperature Measurements (Prob. 29, p. 166)
Minimum Temperatures (Prob. 30, p. 167)
Series Summation (Prob. 31, p. 167)

Chapter 6
National Park Data (Sample prob., p. 168)
Least-Squares Fit (Ex. 6-6, p. 184)
Identity Matrix (Ex. 6-9, p. 190)
Power Plant Data (Ex. 6-12, p. 194)
Test Averages (Prob. 19, p. 204)
Data Order Reversal (Prob. 20, p. 204)
Data Smoothing (Prob. 21, p. 204)
Warehouse Inventory (Prob. 22, p. 205)
Item Availability (Prob. 23, p. 205)
Sales Commission (Prob. 24, p. 206)

Yearly Rainfall Data (Prob. 25, p. 207)

Airline Reservations (Prob. 26, p. 207)
Shipping Cost (Prob. 27, p. 208)

Gregorian Dates (Prob. 28, p. 209)

Julian Dates (Prob. 29, p. 209)

Telephone Call Monitoring (Prob. 30, p. 209)



ENGINEERING AND SCIENCE APPLICATIONS

Chapter 7
Oil-Well Production (Sample prob., p. 210)
Average Production (Ex. 7-1, p. 212)
Absolute Value (Ex. 7-2, p. 218)
Array Average (Ex. 7-3, p. 219)
Triangle Area (Ex. 7-4, p. 221)
Simultaneous Equations (Ex. 7-5, p. 224)
Average and Zero Count (Ex. 7-6, p. 226)
Heading Report (Ex. 7-7, p. 228)
Test Scores Sort (Ex. 7-9, p. 236)
Digit Reversal (Prob. 27, p. 245)
Test Score Average (Prob. 28, p. 245)
Factorial Computation (Prob. 29, p. 245)
Fixed Data Variance (Prob. 30, p. 245)
Variable Data Variance (Prob. 31, p. 246)
Bias Adjustment (Prob. 32, p. 246)
Time Conversion (Prob. 33, p. 246)
SSN Insertion (Prob. 34, p. 246)
SSN Deletion (Prob. 35, p. 246)
Cosine Series Computation (Prob. 37,
p. 247)
Cosine Series Approximation (Prob. 38,
p. 247)
Comparison of Approximations (Prob. 39,
p- 247)

Chapter 8
Hot Air Balloons (Sample prob., p. 248)
Character Count (Ex. 8-2, p. 255)
Interference Pattern (Ex. 8-3, p. 260)
Frequency of Blanks (Ex. 8-4, p. 265)
Name Editing (Ex. 8-5, p. 265)

Bar Graph Plot (Ex. 8-6, p. 266)
Average Word Length (Ex. 8-7, p. 275)
Label Output (Prob. 39, p. 282)

Text Condensing (Prob. 40, p. 282)
Character Deletion (Prob. 41, p. 282)
Character Insertion (Prob. 42, p. 282)
Gas Rationing (Prob. 43, p. 283)
Palindrome (Prob. 44, p. 283)
Alphabetical Sort (Prob. 45, p. 283)
Punctuation Removal (Prob. 46, p. 283)
Prose Edit (Prob. 47, p. 283)
Consonant Count (Prob. 48, p. 283)
X-Y Plot (Prob. 49, p. 284)

Current Plot (Prob. 50, p. 284)
Modified Word Length (Prob. 51, p. 285)
Hidden Words (Prob. 52, p. 285)

Prose Modified (Prob. 53, p. 285)

Chapter 9
Laser Mirror Alignment (Sample prob.,
p- 286)
Temperature Distribution . (Ex. 9-2, p. 300)
Cryptography (Ex. 9-3, p. 318)
Double Precision Summation (Prob. 25,
p- 325)
PI Approximation (Prob. 26, p. 325)
Quadratic Formula (Prob. 27, p. 325)
Exam Evaluation (Prob. 28, p. 326)
Secret Message Decoder (Prob. 29, p. 326)
Secret Message Encoder (Prob. 30, p. 326)
Message Encoder/Decoder (Prob. 31,
p. 327)



o
. —

- g

STRUCTURED FORTRAN 77 for Engineers and Scientists




A
... The Benjamin/Cummings Series in /

Computing and Information Sciences

G. Booch
Software Engineering with Ada (1983)

H. L. Capron, B. K. Williams
Computers and Data Processing (1982)

D. M. Etter
Structured FORTRAN 77 for Engineers and Scientists (1983)

P. Linz
Programming Concepts and Problem Solving: An Introduction
to Computer Science Using PASCAL (1983)



RREFACE

The techniques, examples, and problems in this book were developed
with the following objectives:

1 To acquaint students with the capabilities of computers and the
types of problems that computers can solve. :

2 To teach the fundamentals of FORTRAN 77 so that students can
use the computer to solve problems they encounter in both aca-
demic and nonacademic environments.

3 To establish good problem-solving techniques that can be applied
to any problem, whether computer-related or not.

4 To use practical, real-world engineering and science problems
while accomplishing the first three objectives.

This book assumes no prior experience with computers; it therefore
begins with an introductory chapter that explains many terms associated with
them. This chapter also introduces the process of converting a problem
solution described in English into a solution understandable by a computer.
The presentation of FORTRAN statements begins with Chapter 2, using the
language version established in 1977 (and thus called FORTRAN 77). By the
end of Chapter 3, simple, yet complete, programs have been written.

It is recommended that the material in this book be covered sequentially,
and it is reasonable to expect to cover all nine chapters in one semester or two
quarters. Typically, this material is presented at the freshman level in a
university curriculum, and, although calculus is not required, a knowledge of
basic algebra and trigonometry is assumed.
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A number of features distinguish this from other FORTRAN books:

Engineering and Science Applications Over 300 examples and prob-
lems represent a wide range of engineering and science applications. Such
topics as laser mirror alignment, radioactive decay, economics of timber
management, and solar energy data analysis are included. Many of the solved
problems contain sample data and corresponding output from an actual
computer run. :

Complete FORTRAN 77 Coverage Complete coverage of FORTRAN 77
makes this not only a suitable book for the first-time computer user but also
one that can be a valuable reference for the sophisticated user. In addition,
only standard FORTRAN 77 statements and structures are used so that all
programs and statements are compatible with FORTRAN 77 compilers.

Motivational Problems as Chapter Openers Each chapter is opened
with a specific problem that cannot reasonably be solved with the FORTRAN
statements presented up to that point. Hence, motivation is established to
develop new elements of the language in order to solve the described
problem. After the new topics are covered, the introductory problem is then
solved.

Structured Programming Approach The most important new feature of
FORTRAN 77 is the addition of a new control structure (IF-THEN-ELSE) that
allows us to write structured programs—programs that flow smoothly from
top to bottom. The importance of this top-down flow is emphasized repeat-
edly. All program loops are implemented as iteration loops (DO loops) or
WHILE loops, thus avoiding the stray GO TO statements that defeat the
objectives of structured programming.

Stepwise Refinement As we develop algorithms (the ordered steps to
solve a problem), we start with a general solution and refine it until we arrive
at an algorithm detailed enough to convert into FORTRAN 77. Both flow-
charts and pseudocode are used to describe the algorithms.

Style/Technique Guide Each chapter after the introductory chapter
contains a “Style/Technique Guide” to promote good programming habits
that stress readability and simplicity. Although there are entire books devoted
to programming style and technique, this topic is included in each chapter
with the premise that developing good style and technique is an integral part
of learning the language.

In addition to this special section at the end of each chapter, a number of
examples in the text have multiple solutions, thereby exposing the student to
different approaches for solving the same problem. If one of the solutions has
better style or technique than the others, this is pointed out in the accom-
panying discussion.
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Debugging Aids Each chapter after the introductory chapter also con-
tains “Debugging Aids,” a section which outlines efficient methods for
locating and correcting program errors that are relevant to the programming
techniques described in the chapter. With guidance from this section, the
student learns consistent methods for spotting and avoiding the common
errors associated with each new FORTRAN statement.

In addition to this special section-at the end of each chapter, a number of
examples in the text include an incorrect solution to a problem, along with the
correct solution. The incorrect solution is used to highlight the more common
errors, thus helping the student avoid making the same mistakes.

Large Number of End-of-Chapter Problems Over 250 problems are
included for end-of-chapter review and practice. These problems vary in
degree of difficulty, with the more challenging problems marked with an
asterisk. Solutions to nearly half of the problems are included at the end of the
text. These problems are identified by printing the problem number in color.
Many of the problems include data to use when testing the programs on the
computer.

Emphasis on Interactive Processing While both batch processing and
time-sharing processing are discussed, emphasis is placed on time-sharing
processing with interactive terminals. The use of data files is presented in
Chapter 3 and included in many examples in the remainder of the book.
Conversational computing is also presented in several examples and
problems.

1/O Flexibility List-directed I/O is presented first, immediately followed
by a complete description of formatted I/O. Instructors can have the student
skip the formatted 1/O sections entirely if they want to use only list-directed
1/O. However, if a good understanding of formatted I/O is desired, it is
important to present it early so that it can be reinforced in the remainder of
the book. While I/O is formatted in the examples and problems, students
using list-directed I/O need only ignore the FORMAT statements.

Use of a Second Color Few computer language books have had the
opportunity to use an additional color for emphasis and clarity. Ped-
agogically, the use of color in emphasizing certain statements within a
computer program is especially significant. Without using arrows or lines or
other distracting symbols, we can clearly emphasize every use of a new
statement or point out the differences in two similar program segments.

New Computer Print Characters This is one of the first computer
language textbooks to use the new typeface that duplicates the dot matrix
characters of computer printouts. This special typeface allows us to identify
each line that represents a complete FORTRAN statement or computer output
with a clarity that is not possible when merely photocopying actual computer
output.

PREFACE ix




Student Aids Several'fedti®e3 of tHIS*Book were designed specifically to
aid the student. Each chapter summary is followed by a list of key words from
the chapter. In all, over 200 key words have been selected to assist in
identifying important terms. Appendix A contains a summary of all FOR-
TRAN 77 statements along with references to the location in the text of the
initial presentation of each statement. Appendix B contains a table of all
FORTRAN 77 intrinsic functions, their definitions, and their input argu-
ments. A Glossary contains the definitions of over 100 common computer-
related terms in addition to the index references.

Instructor Aids An Instructor’s Supplement is available to instructors
by request to the publisher. This supplement contains class notes, view-
graphs that use new examples, sample test questions and solutions, new
computer projects, and complete solutions to the end-of-chapter problems.

ACKNOWLEDGMENTS

This bogk is the product of many semesters of teaching and incorporates
many creative thoughts from my students. I would especially like to express
my appreciation to Barbara Johnston, Jim Krone, Donna O’Shay, Bernie
Clifford, Richard Owen, and Rick Nichols for their contributions. I would also
like to thank the following reviewers who provided helpful sugges-
tions: Ronald Danielson, University of Santa Clara; William Holley, Oregon
State University; John Goda, Georgia Institute of Technology; Lee Maxwell,
Colorado State University; Joyce Blair, Eastern Kentucky University; John R.
Zimmerman, University of Delaware; Susanne M. Shelley, Sacramento State
University; Ted Wagstaff, Georgia Ingtitute of Technology; Glen Williams,
Texas A&M; Edward T. Ordman, New England College (Henniker, NH);
Elizabeth Unger; Kansas State Umversuy, Joe Jefferis, Wright State University
(OH); Robert Aiken, University of Teninessee; Enrique A. Gonzales, Univer-
sity of Lowell (MA); William Harlow, University of Cincinnati. Most of all, I
would like to thafik - ‘my sponsoring editor, Susan Newman, for her support,
encouragement “and-confidence in me. Finally, I must also thank Barbara
Myers and Donna Kelly for the meticulous typing and retyping of the several
drafts of this book.

D. M. ETTER

X PREFACE




[SRIEF CONTERTS

1 INTRODUCTION TO COMPUTING
ARITHMETIC COMPUTATIONS
INPUT AND OUTPUT

CONTROL STRUCTURES

DO LOOP STRUCTURES

ARRAYS

SUBPROGRAMS

0o ~N &6 U~ W N

CHARACTER STRINGS

ADDITIONAL FEATURES OF FORTRAN
Appendix A Summary of FORTRAN 77 Statements
Appendix B FORTRAN 77 Intrinsic Functions
Glossary of Key Words

Answers to Selected Problems

Index

21
45
89

135

169

211

249

287

328

331

335

342

351

Xi




DETAILED CONTENTS

Chapter 1 ends with a Summary and Key Words; Chapters 2-9 end with a Summary,
Key Words, Debugging Aids, Style/Technique Guides, and Problems.

vl

INTRODUCTION TO COMPUTING 3

AN, T ST N

General Introduction to the Computer 3

Computer Languages 6

Compiling and Executing a Program 9

Input and Output Devices 9

Batch Processing and Time-Sharing 13

Algorithmic Approach to Problem Solving 14
APPLICATION—University Grade Point Average 15

ARITHMETIC COMPUTATIONS 21

2-1
2-2
2-3
2-4
2-5
2-6
2-7

Constants and Variables 21

Scientific Notation and Magnitude Limitations 23
Arithmetic Calculations 25

Truncation and Mixed Mode 29

Introduction to Intrinsic Functions 32
APPLICATION—Radioactive Decay 34
APPLICATION—Gaussian Distfibution 34

INPUT AND OUTPUT 45

3-1
3-2

List-Directed Output 45
Complete Programs 48

Xii




(I N

33
3-4
3-5

3-6

3-7
3-8

APPLICATION—Slope of Line Through Two Points
List-Directed Input 50

WRITE/FORMAT Combinations 56

Literal Specification 58

X Specification 60

| Specification 61

F Specification 63

E Specification 65

READ/FORMAT Combinations 68

X Specification 69

| Specification 69

F Specification 70

E Specification 71

APPLICATION—Nutrition Research Results 72
Data Files 74

Additional Format Features 77

Repetition 77

Slash 77

Tab Specification 80

Number of Specifications 80

CONTROL STRUCTURES

4-1
4-2
4-3

4-4
4-5
4-6

4-8
4-9

Logical IF Statement 90

IF-THEN-ENDIF Structure 91

Flowcharts and Pseudocode 93

Flowcharts 93

Pseudocode 96

The WHILE Loop Structure 97
APPLICATION—Degree to Radian Conversion Table
ELSE Structures 102

IF-THEN-ELSE-ENDIF Structure 102
IF-THEN-ELSEIF-ENDIF Structure 105
APPLICATION—Cable Car Velocity 109
End-of-Data Signals 116

Other Control Statements 122

Arithmetic IF 122

Computed GO TO Statement 123

ASSIGN Statement and Assigned GO TO Statement

DO LOOP STRUCTURES

5-1

5-2
5-3

General Form of a DO Loop 136

Structure of a DO Loop 138

Execution of a DO Loop 138

Flowchart Symbol for a DO Loop 139
Pseudocode for a DO Loop 140
APPLICATION—Timber Management Economics
APPLICATION—Population Study 148

5-4 Nested DO Loops 152

49
89
99
124
135
146

DETAILED CONTENTS Xiii J

]
1



cu

cou

ARRAYS

6-1 Storage and Initialization of One-Dimensional Arrays 169
6-2 DATA Statement 172

6-3 Input and Output of One-Dimensional Arrays 173

6-4 APPLICATION—National Park Snowfall Statistics 179
6-5 APPLICATION—Method of Least Squares 182

6-6 Storage and Initialization of Two-Dimensional Arrays 187
6-7 Input and Output of Two-Dimensional Arrays 191

6-8 APPLICATION—AnNalysis of Power Plant Data 193

6-9 Multi-Dimensional Arrays 197

SUBPROGRAMS

7-1 Program Modularity 211
7-2 Intrinsic Functions 215
7-3 Writing Functions 216
Function Subprogram 216
Arithmetic Statement Function 221
7-4 Library Subroutines 222
7-5 APPLICATION—Solution of Simultaneous Equations 223
7-6 Writing Subroutines 226
7-7 APPLICATION—Formal Report on Oil-Well Production 229
7-8 APPLICATION—Test Scores Sort Routine 234
7-9 Common Blocks and Block Data Subprograms 238
Blank Common 239
Named Common 239
Block Data Subprogram 239

CHARACTER STRINGS
8-1 Computer Representation of Characters 249
8-2 Character String Constants and Variables 250
8-3 Operations with Character Strings 251
Assign Values 252
Compare Values 252
Extract Substring 254
Combine Strings 256
8-4 Input and Output of Character Strings 256
8-5 APPLICATION—Printer Plot of Interference Patterns 259
8-6 Character String Subprograms 264
Index 264
Len 264
8-7 APPLICATION—Bar Graph of Construction Data 266
8-8 APPLICATION—Average Word Length of Text Material 275

ADDITIONAL FEATURES OF FORTRAN

9-1 Double Precision Values 287
Double Precision Constants 288
Double Precision Variables 288

169

211

249

287

Xiv

DETAILED CONTENTS




Input and Output 288
Double Precision Expressions 289
Double Precision Functions 289
9-2 Complex Values 290
Complex Constants 291
Complex Variables 291
Input and Output 291 ..
Complex Expressions 292
Complex Functions 292
9-3 Logical Values 292
Logical Constants 292
Logical Variables 293
Input and Output 293
Logical Expressions 294

9-4 IMPLICIT, PARAMETER, and EQUIVALENCE Statements 295

IMPLICIT Statement 295
PARAMETER Statement 296
EQUIVALENCE Statement 296

& 9-5 APPLICATION—Temperature Distribution in Metal Plate 297

9-6 Additional Subprogram Features 304

SAVE 304
INTRINSIC, EXTERNAL 305
ENTRY 306

Alternate Returns 307

9-7 Additional Format Features 308
Format Specifications 308
Format Extensions 309
Variable Formatting 311

9-8 Additional File Concepts 312
OPEN Statement 312
CLOSE Statement 314
REWIND Statement 314
BACKSPACE Statement 315
ENDFILE Statement 315
Direct Access I/O 315
INQUIRE Statement 316
Internal Files 318

& 9-9 APPLICATION—Cryptography 318

Appendix A Summary of FORTRAN 77 Statements
Appendix B FORTRAN 77 Intrinsic Functions
Glossary of Key Words

Answers to Selected Problems

Index

328
331
335
342
351

DETAILED CONTENTS

XV




Q
, 2
- O

STRUCTURED FORTRAN 77 for Engineers and Scientists




