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C

Math Operators

Math operators in C

+ addition
- subtraction
* multiplication
/ division
% modulus (remainder)

unary +
unary - negate

Normal order of operations is
followed (modulus same as
division). Parentheses can be
used.
If one operand is floating point
and the other integer, the
integer value is promoted to
floating point.
Division is integer division if
both operands are integers.
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C

Math Operators

Sample: Operators
Program: operators.c

/* Expressions */

#include <stdio.h>

int

main()

{

printf("7+3=%d\n", 7+3);

printf("7-3=%d\n", 7-3);

printf("7*3=%d\n", 7*3);

printf("7/3=%d\n", 7/3);

printf("7%%3=%d\n", 7%3);

printf("7.0/3.0=%g\n", 7.0/3.0);

printf("Lies! 7+3=%d\n", 42);

return 0;

}

Results
7+3=10
7-3=4
7*3=21
7/3=2
7%3=1
7.0/3.0=2.33333
Lies! 7+3=42
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C

Type Conversions

Type Conversions (casts)

Some type conversions are done implicitly:

float a = 10.5 , b;
int c;
b = 3 * a;
c = b;

Explicit type conversions can be done through a cast:

float a = 10.5 , b;
b = (int) (3*a);

A cast is a type name, in parenthesis, preceding an expression.
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C

Math Functions

Math functions

These all require math.h header file.

cos(x) cos x
sin(x) sin x
tan(x) tan x
acos(x) arccos x
asin(x) arcsin x
atan(x) arctan x
atan2(y,x) arctan y

x

pow(x,y) xy

sqrt(x)
√

x
exp(x) ǫx

log(x) ln x
log10(x) log10 x

When using the trigonometric functions, remember that angles are always
expressed as radians.

R. Lindsay Todd (Rensselaer Polytechnic Institute)Beginning C Programming for Engineers BegC 2 6 / 33

C

Math Functions

Using Trigonometric Functions

Program: trigfunc.c

# include <stdio .h>
# include <math .h>

int main () {
float th; /* Theta , angle in radians */

float sum;
printf (" Enter angle Theta in radians : ");
scanf("%g", &th );
sum = sin(th )* sin(th) + cos(th )* cos(th );
printf ("sin - squared + cos - squared = %g\n",

sum );
return 0;

}

Compile: gcc -ansi -pedantic -Wall trig.c -lm

Results
Enter angle Theta in radians: 23
sin-squared + cos-squared = 1
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C

Using Functions

Function arguments and results

Program: squareroot.c

# include <stdio .h>
# include <math .h>

int main () {
float adj , opp , hyp;
printf ("Adjacent , opposite ? ");
scanf("%g, %g", &adj , &opp );
hyp = sqrt ( pow(adj ,2) + pow(opp ,2) );
printf (" Hypotenuse = %g\n", hyp );
return 0;

}

Results
Adjacent, opposite? 6, 8
Hypotenuse = 10

hyp = sqrt( pow(adj ,2) + pow(opp ,2) );
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C

Random Numbers

Random Numbers

Random numbers use the rand function, defined in the stdlib.h

header file.

r = rand () / ( float ) RAND_MAX ;
rI = 1 + rand () % I;

The random seed can be set using srand. A good seed is the time
function, defined in the time.h header file.

srand (time(NULL ));
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C

Random Numbers

Example: Random Numbers

Program: random.c

/* Program to print random

numbers in range 1--100. */

#include <stdio.h>

#include <stdlib.h>

#include <time.h>

int

main()

{

srand(time(NULL ));

printf("Random number: %d\n",

1+rand ()%100);

return 0;

}

Some example runs of
this program:

Results
Random number: 68

Results
Random number: 19
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C

Coin Toss Program

Problem: Simulate a coin toss

We would like to simulate the computer tossing a coin and telling us
if our call is correct or not.
Algorithm:

1 Randomly choose heads or tails.
2 Prompt human to call
3 Get the human’s call.
4 Compare the call to our choice, and say if the call was right.
5 Stop.

This requires our program to make a decision!
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C

Coin Toss Program Flowcharts and Pseudocode

Diagramming an Algorithm

1 Randomly choose heads
or tails.

2 Prompt human to call
3 Get the human’s call.
4 Compare the call to our

choice, and say if the
call was right.

5 Stop.

start

Choose heads or tails

Prompt human to call

Get human’s call

coin = guess

Print message

end

Yes

No
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C

The if Statement

The if Statement

start

Choose heads or tails

Prompt human to call

Get human’s call

coin = guess

Print message

end

Yes

No

Execute statement if
expression is true (not
zero).

/* Previous statements */

if (expression ) statement

/* Following statements */
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C

The if Statement Relational Operators

Relational Operators

Besides arithmetic operators,
C has relational operators
which return 1 if the
condition is true, or 0
otherwise. The expression

is often composed from these
relational operators.

== equals
! = not equal
< less than

<= less than or equal
> greater than

>= greater than or equal
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C

The if Statement Relational Operators

Relational Operators Demonstrated

Program: relop.c

#include <stdio.h>

int main() {

printf("1 == 2: %d\n", 1==2);

printf("1 < 2: %d\n", 1< 2);

printf("1 <= 2: %d\n" 1 <=2);

printf("1 != 2: %d\n", 1!=2);

printf("1 > 2: %d\n", 1> 2);

printf("1 >= 2: %d\n", 1 >=2);

printf("1 == 1: %d\n", 1==1);

return 0;

}

Results
1 == 2: 0
1 < 2: 1
1 <= 2: 1
1 != 2: 1
1 > 2: 0
1 >= 2: 0
1 == 1: 1
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C

The if Statement Relational Operators

Sample: Coin Toss Program

start

Choose heads or tails

Prompt human to call

Get human’s call

coin = guess

Print message

end

Yes

No

Program: cointoss.c

# include <stdio .h>
# include <stdlib .h>
# include <time.h>

int
main ()
{

int coin , guess;

srand (time(NULL ));

coin = rand () % 2;
printf ("Your call (0: Heads , 1: Tails ): ");
scanf (" %d", & guess );
if (coin == guess) {

printf ("You called it correctly !\n");
}
return 0;

}
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C

The if Statement The if-else Statement

The if-else Statement

Sometimes, need to separate actions depending on whether or not a
condition is true.

/* Previous ... */

if (expression ) statement

else eStatement

/* Following ... */

This executes statement if expression is true; otherwise it
executes eStatement .
It is common for statement and eStatement to be compound
statements (separate blocks).
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C

The if Statement The if-else Statement

Sample: Better Coin Toss Program

start

Choose heads or tails

Prompt human to call

Get human’s call

coin = guess

Print WRONG Print CORRECT

end

Yes

No

Program: cointoss2.c

# include <stdio .h>
# include <stdlib .h>
# include <time.h>

int
main ()
{

int coin , guess;

srand (time(NULL ));

coin = rand () % 2;
printf ("Your call (0: Heads , 1: Tails ): ");
scanf (" %d", & guess );
if (coin == guess) {

printf ("You called it correctly !\n");
} else {

printf ("Ha ha , wrong !\n");
}
return 0;

}
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C

The if Statement Chained if-else Statements

Chained if-else Statements

eStatement can be another if statement.

/* Previous ... */

if (expression ) statement

else if (expression ) statement

...

else eStatement

/* Following ... */
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C

The if Statement Chained if-else Statements

Problem: High/Low Game

We want a program to play “High/Low”. The program “picks” a
number. The human player tries to guess it. The program indicates if
the guess is too high, too low, or correct. Then it stops.
Sample outputs:

Results
Guess my number (between 1 and 10): 5
Your guess was too small.
The correct number was 6.

Results
Guess my number (between 1 and 10): 9
Your guess was too high.
The correct number was 3.
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C

The if Statement Chained if-else Statements

High/Low Algorithm

1 Pick a random number.

2 Ask the player for a guess.

3 Read in the guess.

4 Compare the guess, and print the correct
message.

5 If the number was correct, stop.

6 Print our number.

7 Stop.

start

Pick a random number

Ask player for guess

Read in guess

Too low?

Too high? Print ”Low”

Print ”Correct” Print ”High”

Print correct number

end end

Yes

No

Yes

No
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The if Statement Chained if-else Statements

Sample: High/Low

Program: hilo.c

/* Guess my number. */

# include <stdio .h>
# include <stdlib .h>
# include <time.h>

int main () {
int myNum , yourNum ;

srand (time(NULL )); /* Seed */

myNum = 1 + rand () % 10; /* Pick a number */

printf (" Guess my number ( between 1 and 10): ");
scanf ("%d", & yourNum );
if ( yourNum < myNum ) {

printf ("Your guess was too small .\n");
} else if ( yourNum > myNum ) {

printf ("Your guess was too high .\n");
} else {

printf ("You got it !\n");
return 0;

}
printf ("The correct number was %d.\n",

myNum );
return 0;

}

start

Pick a random number

Ask player for guess

Read in guess

Too low?

Too high? Print ”Low”

Print ”Correct” Print ”High”

Print correct number

end end

Yes

No

Yes

No
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C

The if Statement Logical Operators

A need for “logical” operators

Suppose we had some C code:

int a = 5, b = 4, c = 3;
/* Some stuff */

if (a > b > c) {
/* More stuff */

}

We probably want “More stuff” to be done. It won’t!
We evaluate a > b, which is 5 > 4, or 1.
Then we evaluate 1 > c, which is 1 > 3, or 0.
What we mean is a > b and b > c.
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C

The if Statement Logical Operators

Logical Operators

C has logical operators.

Negation

!expression (negation) is 1 if expression is 0, and 0 otherwise.

!0 ⇒ 1
!1 ⇒ 0
!2.0 ⇒ 0

if (! (a == 5)) {
do stuff

}
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C

The if Statement Logical Operators

Logical Operators cont’d

Logical AND

expression1 && expression2 is 1 if both expression1 and
expression2 are true. If expression1 is 0, then expression2 is
not even evaluated.

2 && 3 ⇒ 1
2 && 0 ⇒ 0
0 && 3 ⇒ 0
0 && 2/0 ⇒ 0

if (a != 0 && b % a == 0) {
do stuff

}
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C

The if Statement Logical Operators

Logical Operators cont’d

Logical OR

expression1 || expression2 is 1 if either expression1 or
expression2 are true. If expression1 is true, then expression2

is not even evaluated.
2 || 3 ⇒ 1
0 || 3 ⇒ 1
2 || 0 ⇒ 1
0.0 || 0 ⇒ 0

if (a < 3 || a > 10) {
do stuff

}
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C

The if Statement Logical Operators

Problem: Smallest of 3 numbers

We would like to read in three integers. Determine which one is the
smallest, and display it.
If the values are a, b, and c , there are three or four cases:
a is smallest if a <= b and a <= c
b is smallest if b <= a and b <= c
c is smallest if c <= a and c <= b
No smallest When?
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C

The if Statement Logical Operators

Flowchart: Smallest of 3 numbers

start

Ask for 3 integers

Read in a, b, c

a <= b && a <= c?

b <= a && b <= c? least = a

c <= a && c <= b? least = b

Print ”No smallest” least = c

Print least

end end

Yes

No

Yes

No

Yes

No
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C

The if Statement Logical Operators

Code: Smallest of 3 numbers

Program: small3a.c

/* Least of three numbers */

# include <stdio.h>

int main () {
int a, b, c, least;
printf (" Enter 3 integers : ");
scanf ("%d , %d , %d", &a, &b, &c);
if (a <= b && a <= c) {

least = a;
} else if (b <= a && b <= c) {

least = b;
} else if (c <= a && c <= b) {

least = c;
} else {

printf ("Oops ! No smallest !\n");
return 0;

}
printf (" Smallest is %d\n", least );
return 0;

}

start

Ask for 3 integers

Read in a, b, c

a <= b && a <= c?

b <= a && b <= c? least = a

c <= a && c <= b? least = b

Print ”No smallest” least = c

Print least

end end

Yes

No

Yes

No

Yes

No
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C

The if Statement Logical Operators

Computing the smallest

Program: small3c.c

/* Least of three numbers */

# include <stdio .h>

int main () {
int a, b, c, least ;
printf (" Enter 3 integers : ");
scanf("%d , %d , %d", &a, &b, &c);
if (a <= b && a <= c) {

least = a;
} else if (b <= a && b <= c) {

least = b;
} else {

least = c;
}
printf (" Smallest is %d\n", least );
return 0;

}

Results
Enter 3 integers: 1,3,0
Smallest is 0

Results
Enter 3 integers: 3,8,3
Smallest is 3
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C

The while Statement

Iteration with while

Iteration is repeating the same statements in a program. Sometimes
this is called looping.
The while statement executes statement as long as expression is
true. The expression is tested before statement is ever executed.

/* Previous statements */

while (expression ) statement

/* Following statements */
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C

The while Statement Powers of 2 Program

Problem: Powers of 2

We would like to generate and print the powers of two less than or equal
to 1500.

We need a variable, i , to
represent each power of two,
starting with 20.
If i is a power of 2, then 2i
is the next power of 2.
Repeatedly compute i , check
if we are done, and printing
i .

start

i = 1

i <= 1500?

Print i

i = i * 2

end

Yes

No
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C

The while Statement Powers of 2 Program

Example: Powers of 2

Program: powerw.c

/* Print powers of 2 <= 1500 */

#include <stdio.h>

int main() {

int i;

i = 1; /* 2^0 */

while (i <= 1500) {

printf("%d\n", i);

i = i * 2;

}

return 0;

}

start

i = 1

i <= 1500?

Print i

i = i * 2

end

Yes

No

1
2
4
8
16
32
64
128
256
512
1024
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operators.c

/* Expressions */

#include <stdio.h>

int
main()
{
    printf("7+3=%d\n", 7+3);
    printf("7-3=%d\n", 7-3);
    printf("7*3=%d\n", 7*3);
    printf("7/3=%d\n", 7/3);
    printf("7%%3=%d\n", 7%3);
    printf("7.0/3.0=%g\n", 7.0/3.0);
    printf("Lies! 7+3=%d\n", 42);

    return 0;
}



trigfunc.c

#include <stdio.h>
#include <math.h>

int main() {
    float th; /* Theta, angle in radians */
    float sum;
    printf("Enter angle Theta in radians: ");
    scanf("%g", &th);
    sum = sin(th)*sin(th) + cos(th)*cos(th);
    printf("sin-squared + cos-squared = %g\n",
           sum);
    return 0;
}



squareroot.c

#include <stdio.h>
#include <math.h>

int main() {
    float adj, opp, hyp;
    printf("Adjacent, opposite? ");
    scanf("%g, %g", &adj, &opp);
    hyp = sqrt( pow(adj,2) + pow(opp,2) );
    printf("Hypotenuse = %g\n", hyp);
    return 0;
}



random.c

/* Program to print random
   numbers in range 1--100. */

#include <stdio.h>
#include <stdlib.h>
#include <time.h>

int
main()
{
    srand(time(NULL));
    printf("Random number: %d\n",
           1+rand()%100);
    return 0;
}



relop.c

#include <stdio.h>

int main() {
    printf("1 == 2: %d\n", 1==2);
    printf("1 <  2: %d\n", 1< 2);
    printf("1 <= 2: %d\n"  1<=2);
    printf("1 != 2: %d\n", 1!=2);
    printf("1 >  2: %d\n", 1> 2);
    printf("1 >= 2: %d\n", 1>=2);
    printf("1 == 1: %d\n", 1==1);
    return 0;
}



cointoss.c

#include <stdio.h>
#include <stdlib.h>
#include <time.h>

int
main()
{
    int coin, guess;

    srand(time(NULL));

    coin = rand() % 2;
    printf("Your call (0:Heads, 1:Tails): ");
    scanf(" %d", &guess);
    if (coin == guess) {
        printf("You called it correctly!\n");
    }
    return 0;
}



cointoss2.c

#include <stdio.h>
#include <stdlib.h>
#include <time.h>

int
main()
{
    int coin, guess;

    srand(time(NULL));

    coin = rand() % 2;
    printf("Your call (0:Heads, 1:Tails): ");
    scanf(" %d", &guess);
    if (coin == guess) {
        printf("You called it correctly!\n");
    } else {
        printf("Ha ha, wrong!\n");
    }
    return 0;
}



hilo.c

/* Guess my number. */
#include <stdio.h>
#include <stdlib.h>
#include <time.h>

int main() {
    int myNum, yourNum;

    srand(time(NULL));          /* Seed */
    myNum = 1 + rand() % 10;    /* Pick a number */

    printf("Guess my number (between 1 and 10): ");
    scanf("%d", &yourNum);
    if (yourNum < myNum) {
        printf("Your guess was too small.\n");
    } else if (yourNum > myNum) {
        printf("Your guess was too high.\n");
    } else {
        printf("You got it!\n");
        return 0;
    }
    printf("The correct number was %d.\n",
           myNum);
    return 0;
}



small3a.c

/* Least of three numbers */
#include <stdio.h>

int main() {
    int a, b, c, least;
    printf("Enter 3 integers: ");
    scanf("%d , %d , %d", &a, &b, &c);
    if (a <= b && a <= c) {
        least = a;
    } else if (b <= a && b <= c) {
        least = b;
    } else if (c <= a && c <= b) {
        least = c;
    } else {
        printf("Oops! No smallest!\n");
        return 0;
    }
    printf("Smallest is %d\n", least);
    return 0;
}



small3b.c

/* Least of three numbers */
#include <stdio.h>

int main() {
    int a, b, c, least;
    printf("Enter 3 integers: ");
    scanf("%d , %d , %d", &a, &b, &c);
    if (a <= b && a <= c) {
        least = a;
    } else if (b <= a && b <= c) {
        least = b;
    } else if (c <= a && c <= b) {
        least = c;
    }
    printf("Smallest is %d\n", least);
    return 0;
}



small3c.c

/* Least of three numbers */
#include <stdio.h>

int main() {
    int a, b, c, least;
    printf("Enter 3 integers: ");
    scanf("%d , %d , %d", &a, &b, &c);
    if (a <= b && a <= c) {
        least = a;
    } else if (b <= a && b <= c) {
        least = b;
    } else {
        least = c;
    }
    printf("Smallest is %d\n", least);
    return 0;
}



powerw.c

/* Print powers of 2 <= 1500 */

#include <stdio.h>

int main() {
    int i;

    i = 1;  /* 2^0 */
    while (i <= 1500) {
        printf("%d\n", i);
        i = i * 2;
    }
    return 0;
}
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