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LIST OF PROBLEMS AND EXAMPLES

Problems (that is, exercises at the ends ol chapters) are designated by the chapter
number, followed by a dash, followed by the problem number (for example, 2-
18). Examples (that is, illustrations in the text) are designated by the chapter
number in parentheses followed by the page numbers (e.g., (3) pp. 91-92).

PHYSICS

Recoil velocity of a cannon/clown system
Gravitational force (two-body problem)

Distance a body [alls in “free fall” under gravity
Velocity of body sliding down a frictionless plane

Height at which water from a hose hits a building (Roxanne)
Orbital angular momentum of a proton in an accelerator

Distance a proton travels in an accelerator
Eratosthenes’ estimate of the radius of the earth
Maximum height for a projectile

Static friction, inclined plane

Path of an airplane in a crosswind

Motorcycle cop chasing a speeder

Temperature in a danger range

Testing measurements against an average
Barbarian shooting an arrow at a Roman soldier
Weight-processing program

Newton’'s Second Law (conservation of momentum)
Maximum range of projectiles

Inelastic collisions (bullet striking wood on ice)
Distances of projectiles fired at different angles
Tunnels through earth between cities
Calculating the height of a rainbow

Line spectra (quantum mechanics)

Histogram of measurements

Table of areas of squares and volumes of cubes
Calculating the average tensile strength of materials
Visual display of data points from experiment

(2) pp.70-71

(2) pp. 77-78. 2-15&16:;
4-23

(2) p. 58

(2) pp. 58-59

2-7

2-18

2-20

2-21

2-24

2-25

2-26

2-27

(3) p. 98

(3) pp. 98-99; 106-7
(3) pp- 129-130

3-5

3-24

3-25

3-30

4-14

4-21

4-24

4-26

5-17: (7)p. 248; 7-21
(6) pp- 216-217
(6)p. 227

(6) pp. 231-232; (7)
252-253



xviii  LIST OF PROBLEMS AND EXAMPLES

Distance covered by an accelerating body 6-12
Scientific handbook tables of trigonometric functions 6-16
Ballistics table for “Big Bertha” 6-17
Weights—sum, average, standard deviation (7) pp. 245-247
Counting ranges ol experimental data (7) pp. 248, 272
Sorting a 2-D array of projectile flight data 7-13
Calculating variation of measure from predicted values 8-21
Calculating time difference in seconds (9) pp. 327-328

Statement functions to convert feet to meters, meters to feet 9-7
Statement functions to convert yards, feet, and inches 10 inches  9-8
Statement function to calculate maximum height of a projectile  9-9
Mapping distances between all pairs of points (maximum

and minimum) 9-19
Center of gravity of a 2-Dimensional object 10-17
Plotting data using Tab 11-16
Temperature Plot Program (12) pp. 437438
Plotting trajectories of a projectile fired at different angles 12-9
Plotting the trajectory of a bomb dropped from a plane 12-10
Plotting a cydloid 12-11

Plotting trajectories of two planes heading toward one another 12-14

CHEMISTRY/CHEMICAL ENGINEERING

Amount of ammonia created 2-10; 3-11
Calories to raise an element’s temperature a specific amount 2-11
Law of Dulong and Petit test 2-12; 3-20
Conversion: Fahrenheit to Celsius (and Kelvin);

Centigrade to Fahrenheit (and Rankine) 2-14
Searching the Periodic Table (7) p. 261
Statement functions for temperature conversion (9) pp. 326-327
Creating sequential files of temperature measurements (11) pp. 410411
Radioactive decay plot 12-13
Operation function to combine two chemical compounds 1341
STATISTICS
Averaging a sel ol measurements (4) pp. 150-152
Analyzing scientific data (mean, st. dev., median, range, etc.) (9) pp. 352-353
Pearson correlation 11-19
Scattergram 11-20; (12) pp. 447-448;

14-10

Statistics for poker 13-9
Probability of same birthday in a group of size N 13-30
Number of males 6' tall or taller 14-21

ENVIRONMENTAL ENGINEERING

Water quality (segmented nonlinear function) 3-26
Air Quality Standards 3-27
Pollution Standards Index and Health Effects 3-28; 7-27



LIST OF PROBLEMS AND EXAMPLES  xix

COMPUTER SCIENCE

Binary representation of decimal integers, reals
“Assembly language” simulated programs

“Machine epsilon” value determined experimentally
Simple logic design

Output printable characters in ASCII or EBCDIC
User-defined types

Linear search

Bubble sort

Selection sort

Shell sort

Insertion sort

Binary search

Converting [rom base 10 to another base
Overflow and underflow

Effect of propagation of errors

“Packing” small values

“Unpacking” small values

Two's complement of binary value

Adding a “check” digit

Hash coding record numbers for a direct-access file
Ordering function for abstract data types

“Push” and “pop” functions for stacks

Queue model for plane arrivals and departures
Linked-list version of bubble sort

Queue representation of a busy intersection
FORTRAN simulation ol record structures
Rebounding from bad data (making a program “robust”)
Optimization of loop structures

BIOLOGY

Structure of a phylogenetic tree
Linus Pauling’s estimate of the effect of smoking cigarettes
Fibonacci Numbers

Exponential growth and decay
Ratio of surface area to volume for spherical creatures
Matching blood donors

MISCELLANEOUS

Area enclosed by a rope, in different shapes
Structure of the chain of command in an organization
Installment loan payments

Conversion to military time
Honor-roll printout and count

Intro-7-9, 11-13
(Intro) pp. 10-11;
Intro-15, 16
4-27

5-20

619

(7) pp.260-261
(7) pp- 269-271
(7) pp. 274-276; 7-12
(7) pp- 276-278
7-23

13-33

(7) pp. 278-280
7-7

8-13

8-20

(10) pp. 381-382
10-10

10-25

10-28

11-10, 11

(13) pp. 485486
(13) p. 490; 13-29
(13) pp. 491493
(13) p. 495

13-22

(15) p. 548

(15) pp. 553-554
(15) pp. 562-564

1-6

2-17

(4) pp. 162-163; 7-4;
(Recursive)9-26
4-11

4-18

6-18

(1) pp. 3940

1-5

(2) pp. 78-81; 4-17; (9)
p. 327

2-13

(3) pp. 99-100



XX LIST OF PROBLEMS AND EXAMPLES

Printout of the song “99 Botiles of Beer on the Wall”
Revolving charge account

Leap-year test

A more general leap-year test

Converting letter grades to numeric; GPA
Counting grades in the range 75-85

Graduated pay scale

Graduated income tax

Rating presidential candidates

Interest earned, compounded in various ways
Doubling money every two years

Comparing job offers

Popcorn-popper production

Interest on the $24 received by Indians for Manhattan Island
Calculating the average GPA

Processing questionnaires

Curving grades

Number of days old a person is

Printing out a calendar

Weighted grades problem

Writing accurate paycheck amounts

Finding the date for Easter Sunday, given the year
Test for palindromes

Form letter

Monetary exchange rates

Number of days between two dates in the same year
Updating a file

Histogram ol grade distribution

Biorhythm plot

Drawing a clock face given the time

How much is a billion dollars?

Writing paychecks

Spell-checker

Readability index (for DoD documents)

PSYCHOLOGY
Highest IQ in a set of data

OENOLOGY

Optimum Wine Cask Dimensions

MATHEMATICS

Sums of integers

Interest on investment
Factorials

(3)p. 113

(3) pp. 126-128
3-1

94

3-2

3-6

3-17

3-18

(4) pp. 156-158
4-10

4-12

4-13

4-15

(6) pp. 217-218
6-6

6-8

(7) p. 247
7-18
7-19, 20; 10-2
7-25

8-17

9-5

9-11

10-6

10-16

10-20

(11)pp. 412-414; 11-9

(12) pp. 434435

(12) pp. 439-442; 12-2

12-15, 16
13-5
13-38
13-39
1340

(3) pp-121-122

(4) pp. 163-165

I-1¢, 1d; (3) p. 119-120;

(4)p.142:4-2,3
1-1g

1-3; 3—4; 4-1; 9-24,

(Recursive) 9-25
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Largest value of a set ol integers 14

Number of years equal 1o a billion seconds (2) p. 84
Polar coordinates (2) pp- 87-88
Fermat numbers (2) p. 66

Table of squares, cubes, square roots, cube roots 2-6

Length of a microcentury 2-19
Smaller of two values 2-23
Count ol # ol integers whose digits sum 1o 9 (3)p. 118

(3) pp. 123-126;
(function) 9-31

3-3; (4) pp. 148-150
3-8; 8-16; 12-1

Greatest Common Divisor

Sum of the fractions in series 1/1 + 1/2 4 1/3 + ...
Sumoflseries | + 1/2+ 1/4+1/8 + ...

Reversing the digits in an integer 3-7; 9-13
Sum of digits in an n-digit integer (4) pp. 158-159
Product of integers 3-13
Sumof 1/200 + 1/199 + 1/198+ ... + 1 3-15

Sum ol integers > 1000 3-16
Numerical centers 3-21, 22
Finding 3-digit integers = sum of their digits 4-7;:7-2
Perfect numbers 4-9;: 7-17
Alternating series 4-16
Number of significant digits in an integer 4-22

Zeno's progression (5)p. 197
Values of pi 5-10; 10-13

Complex values in polar and exponential form 5-8
Real and imaginary components of a product of complex values 5-14

Complex nth roots 5-15

Complex values as coordinates of a triangle; computations  5-16

Reference array for factorials to calculate combinations (7) pp. 254-256
Multiplication table (7) p. 264
Matrix multiplication (7) pp. 267-268
Finding maximum value in a table (7) p. 269

Finding a number whose sum of factors equals 888 7-8

Prime factors 7-15, 11-8
Goldbach’s conjecture 7-16
Combinations, using arrays 7-24
Calculations with fractions 8-18

(9) pp. 325-326
(9) pp. 346-347

Statement function to calculate a hypotenuse
Testing matrices for identity

Absolute value function 9-2

Modulo function 9-3

Statement function to “round” a value 9-6

Testing two numbers for “amicability” 9-15

Recursive [unction for nth power of X 9-25

Least Common Multiples 9-32
Manipulating large integers (multiplication) (10) pp. 383-386
Filling a Hilbert matrix 10-5
Adding/subtracting large integers 10-11

XX



xxii  LIST OF PROBLEMS AND EXAMPLES

Factorials (large integers) 10-14
Printing out a large integer with inserted commas 10-21
Converting integers to Roman numerals, Roman numerals

1o integers 10-27
Large Fibonacci numbers 11-3
Plotting the program for a circle (12) pp. 442446
Density plot for function of two variables 12-3
Plotting an ellipse 124
Plotting a parabola and a straight line 12-5
Plotting a sine curve, lilling in under the curve 12-8
Outputing Pascal’s triangle 12-23
Storing a lower triangular matrix 13-37

POPULATION DYNAMICS (DEMOGRAPHICS)

Rabbits and foxes 4-19
Waorld population versus land surface 4-20
Population doubling times 13-1
Limits to Growth on food production 14-18
Limits to Growth global reserves depletion 14-19

AUDIO ENGINEERING

Identification of sound-intensity levels (3) pp- 102-105

CIVIL ENGINEERING

Fines for exceeding the speed limit 3-23

Measuring inaccessible distances 5-18

OPTICS

Ultraviolet range elements (3) pp. 114-115

Index of refraction problems 9-37

Snell’s Law 9-38

CRYPTOLOGY

Prime numbers (4) pp. 160-161; (5) pp.
185-186; (7) pp. 257-259

Prime numbers—the sieve of Eratosthenes 7-14

Various encoded message problems 7-10, 11

A coding problem (“SEND MORE MONEY") (9) pp. 340-342

Substitution cipher 10-22

Converting a phone number to “words” 10-23

ELECTRICAL ENGINEERING

Resistors in parallel 2-8; 9-1
Complex roots of a quadratic equation (5) pp. 193-194; 5-9
Impedance for an electrical circuit (5) pp- 194-196



LIST OF PROBLEMS AND EXAMPLES

Impedance and voltage for any RLC circuit
Resonance frequency for any RLC circuit
Impedances in series and parallel

Complex absolute values

Relaxation method, calculating electrostatic potential
Digital logic circuit analysis

Karnaugh map simplification for digital logic

Plotting a square wave and a sawtooth wave

LOGIC

DeMorgan’s Laws

Packing logical values

Interchanging values using EQUIVALENCE
QOutputing truth tables

SETS

Membership, union, and intersection
Matching diseases and symptoms
Searching for oil

TEXT MANIPULATION

Printing tex1 in large block letters

Generating all substrings of a string

Generating all concatenations

Anagrams

Converting text from uppercase to lowercase

Outputing integers, 10 per line, with one space between
Creating a header in which numbers output columns
Converting an n-character string to an integer
Converting a character string to a real

Converting a text from lowercase to uppercase

Average word length in text

Converting an integer value to a character string (core-to-core)
Extracting the middle of a string

“Censor” a text file

Editing a text file to create gender-neutral terminology

NUMERICAL ANALYSIS

Finding the maximum of a function

An iterative function to calculate a square root
An iterative function to calculate a cube root
An iterative function to calculate pi

An iterative function to calculate sine(x)

An iterative function to calculate cosine(x)

An iterative function to calculate e**x
Hyperbolic functions sinh and cosh

5-11
5-12
5-13
5-19
7-26
11-21
11-22
12-12

(3)p. 110; 5-1
(10) pp. 382-383
(10) pp. 387-389
11-5, 6

5-3, 4
(13) pp. 489490
13-12

5
>
—6
7
1
1

-11
<15
(9) pp. 330-332
(10) pp. 380-381
10-8

10-9

10-26

11-12

11-13

11-14

11-15

(9) p. 348

(9) pp. 349-350
9-22; 9-33
9-23

9-27

9-28; 9-34
9-29

9-30

XXiii



xxiv  LIST OF PROBLEMS AND EXAMPLES

Printing out a [raction 1o a specified number of digits
Printing out pi to a specified number of digits
Storing and manipulating sparse matrices

Monte Carlo approximation ol pi

Monte Carlo approximation of a function [(x)

Root finding/bisection method

Root linding/Newton-Raphson method

Rectangular quadrature area calculation

Trapezoidal rule for area calculation

Gaussian elimination for a system of linear equations
Finding two points where a function changes sign
Finding areas comparing different techniques
Finding the area between two curves
Approximating the derivative

An iterative function to find the Nth root of a value
An efficient algorithm to calculate x**N

GAME-PLAYING

Ourtputing a chessboard

Subroutine to set up a chess board

Does a group of five Queens “cover” a chess board?
Eight Queens Problem

Evaluating a tic-tac-toe board

Twelve Knights problem

Game of craps, simulation of wins and losses
“Guess the number”

Poker

Hangman game

ASTRONOMY

Age as a [raction of the age of the universe

Time [or light to travel to Earth from the Sun

Bode’s Law

Distance of a moving galaxy from ours at different times

Finding the day of the week for any date

Converting the day of the year into the month/day and
the astrological sign

Converting the day of the year into the month/day and
the day of week

Pictorial representation of an eclipse of the Sun

“Once in a Blue Moon”

METEOROLOGY

Histogram of data from a weather-monitoring station

10-12

10-13

10-24

(13) p. 473

(13) pp. 474475
(14) pp. 512-514; 14-1
(14) p. 514; 14-2
(14) pp. 519-520
(14) p. 520

(14) 524-527; 14-14
14-1

14-11, 16

14-12

14-13

14-14

14-17

6-3

9-16

9-17

9-18

9-35

9-36

10-4; 13-4, 11
(13) p. 472
13-8, 9

13-18

2-9
2-22
4-25
10-1. 18
10-3
10-19

12-12
13-35

12-1
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PATTERN RECOGNITION

Calculating error in matching template to unknown pattern

Normalizing a pattern
Finding the center of gravity of a pattern
Pattern “signature”

SIMULATION

Simulating a gasoline pump

Slot machine simulation

Mid-square random number generator

Linear congruential random number generator
Porthos and Aramis fight a duel

Shuffling and dealing cards

Doves and tigers in the Coliseum

Simulation ol English (information theory)
Simulation of the expected heights of volunteers
Generating random test data

“Game of Life”

Battleship chasing an enemy ship

Organism eating the hull ol a Klingon ship
Random walk/ Brownian motion

Self-avoiding random walk

Creating a pointillist “painting”

Generating normally distributed random numbers
“Poisson” probabilities

FRACTALS

Mandelbrot Set
Julia Sets
Recursive triangle pattern

IMAGING TECHNOLOGY

Rotating a visual object through angle A

Rotating a rectangle, superimposing

“Windowing” a graphical image

Smoothing data (remote sensing application)
Enhancing data

Reducing a matrix of sensed data

Removing noise from sensed data

“Stretching” brightness values in a visual array
Convolution (filtering data using a weighted mask)
Enhancing contrasi in sensed data

(13) 480-481
(13) p. 481
13-19
13-20

(6) pp. 222-223; 6-13
12-22

13-2

13-3

13-6

13-7

13-10

1352

13-13
13-14,15,16,17
13-23

13-24

13-25

13-26

13-27

13-28

13-31

13-32

(12) pp. 450451; 12-19
12-20, 21
13-4

12-6
2-7
12-17
14-3
144
14-5
14-6
14-7
14-8
14-9



xxvi  LIST OF PROBLEMS AND EXAMPLES

GEOGRAPHY

Directed graphs/distances on a map

ARCHITECTURE
“Golden Mean” ratio (aesthetically pleasing shape)

MUSICOLOGY
Piano keyboard/frequencies of sounds from keys

MANUFACTURING ENGINEERING

Equipment inventory statistics
Linear Programming

SOCIAL ENGINEERING

Utilitarian decision-making

ARCHAEOLOGY
Radioactive carbon 14 dating of Standard of Ur

ECOLOGY
Allometric relationships/heart rate and body mass

SPORTS SCIENCE

Baseball pitcher’s throw

Basketball tryout roster

Conservation of momentum f[or two skaters
Bouncing tennis ball

Bobsled (conservation of energy)

Scoring an Olympics gymnastic event

13-36

4-29

4-30

7-1,3
14-23

7-25

14-20

14-22

2-28

(3) pp. 122-123
3-29

(4) pp. 160-161; 4-8
4-28

10-15



PREFACE

The object of this textbook is to provide science and engineering students with a
modern introduction to programming in the major scientific language, FOR-
TRAN. After its creation in the 1950s, FORTRAN developed many different
dialects as it was continually modified. The current American National Standards
Institute (ANSI) FORTRAN standard is ANSI X3.9-1978, widely known as
FORTRAN 77. This book presents a thorough discussion of FORTRAN 77 and
provides an introduction to the next standard of the language, Fortran 90,
currently under development.

This text is oriented toward a first course in scientific programming in
FORTRAN, and it can also be used in a FORTRAN-as-a-second-language course.
Since it is the practical scientific applications that will keep FORTRAN the major
scientific language for years to come, these aspects are featured, preparing
students for the reality of solving problems efficiently. There are other, more
advanced FORTRAN texts, which deal with the more sophisticated features of the
language and large-scale problems; this text is designed to be a good foundation
for such advanced work.

Because FORTRAN s strength is its utility in scientific problem solving, this text
emphasizes applications. A wide range of fields is covered in a variety of prog-
ramming problems—ifrom physics to music, chemistry to sports. The main goal
of the text is to give students the working knowledge of FORTRAN that they will
need to solve problems creatively in their schoolwork and in their careers. The
book thoroughly covers all of the basics of the language and includes special
emphasis on scientific features such as vectors, matrices, and complex numbers.
It then branches out into exciting application areas such as simulations and
models, pattern recognition, numeric integration, queues, scientific visualiza-
tion, and fractals.

Thisbook has undergone extensive class testing at SUNY-Geneseo, making the
book more accessible to students and more effective in its scope and approach.
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GOALS

This text has five primary goals.

1. To provide clear explanations of concepts through an accessible writing
style and the extensive use of examples and exercises

2. To provide a thorough introduction to the wide range of FORTRAN
applications by supplying programming problems in a variety of disciplines,
giving students a compendium of FORTRAN tools and techniques

3. To emphasize problem solving in a practical software engineering
environment

4. To provide a “bridge” between FORTRAN 77 and Fortran 20 by intro-
ducing key features of the new standard as they apply to the topics dis-
cussed

5. To give comprehensive coverage to important topics not often found in
introductory FORTRAN texts such as scientific visualization and fractals

In summary, the text strives to be a clear exposition of all the essential tools of
the FORTRAN language, an adventure into their use in many different problems,
and a guide to developing programming expertise through example and practice.

SPECIAL FEATURES

To reach its goals, the book provides several special features.

Chapter Openers: The paragraphs on the first page of each chapter serve
two purposes: to briefly describe the contents of the chapter and to moti-
vate the students to study the chapter by describing the skills and knowl-
edge to be gained.

Chapter Summaries: Each chapter ends with an informative, concise
summary of the important concepts introduced.

Worked Problems: The “Answers to Selected Exercises” section at the
back of the book contains fully worked programming answers for approxi-
mately one quarter of the problems in the book.

Linkage with Fortran 90 Throughout: Fortran 90 is not just covered in
an appendix. Fortran 90 features are introduced in nearly every chapter
and directly applied 1o the topic being covered.

Emphasis on Problem-Solving Techniques: Chapter 1 thoroughly
describes the art of problem solving and clearly explains how each step of
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the process works. Examples and problems throughout the book further
emphasize the importance of using problem-solving techniques logically in
a variety of applications.

Early Introduction to Subroutines: In Chapter 4, “Repetition Struc-
tures,” subroutines are previewed in a manner that beginning students can
comprehend. In Chapter 9, subroutines are explored in depth.

Special Chapter on Errors: Because errors can be such a frustrating
problem, especially for beginners, Chapter 8 is devoted exclusively to
dealing with them.

Coverage of Visual Output: Chapter 12 discusses the creation of visual
output with FORTRAN, including coverage of histograms, scientific visual-
ization, fractals, and screen graphics.

SUPPLEMENTS

Instructor’s Manual
The Instructor’s Manual that accompanies the text contains several valu-
able aides to the instructor.

Teaching suggestions based on the use of this material in several semes-
ters of class testing

Suggested course structure also based on previous use of this material
Additional examples of a variety of problems on topics throughout the text

Answers to problems not given in the back of the text, 10 allow the
instructor greater flexibility in assigning homework

Exam questions based on the material

Programming Aptitude Test, similar to those given to prospective
employees in industry, which has proved an interesting and informative
exercise for Sllldﬁ'l‘ll.‘i

Data Disks

Diskettes containing all the programs in the text and solutions to some
exercises are also available from the publisher.
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