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INTRODUCTION 
Consider the following puzzle, described by Henry Ernest Dudeney in his book on puzzles “The Canterbury 

Puzzles”.

I was on a visit to one of the large towns of Yorkshire. While walking to the railway station on the day of my 

departure a man thrust a hand-bill upon me, and I took this into the railway carriage and read it at my leisure. 

It informed me that three Yorkshire neighbouring estates were to be offered for sale. Each estate was square 

in shape, and they joined one another at their corners, just as shown in the diagram. Estate A contains exactly 

370 acres, B contains 116 acres, and C 74 acres.

Now, the little triangular bit of land enclosed by the three square estates was not offered for sale, and, for no 

reason in particular, I became curious as to the area of that piece. How many acres did it contain?

The task is to derive a way of calculating the area of the triangular piece of land. Then write an algorithm, and 

draw the algorithm diagrammatically.
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SOLVE THE PROBLEM 

                  

The triangle D has three sides constructed from the three square estates: A, B, and C. The problem of 

calculating the area of D  can be solved using Heron’s formula. The area of a triangle D, whose sides have 

lengths a, b, and c is:

! D =
p

s(s� a)(s� b)(s� c)

where the semi-perimeter of the triangle is given by:

! s =
a+ b+ c

2

Firstly, the three sides of the triangle are calculated from the areas of the squares: 370, 116, 74, (A, B, C)  giving 

19.24, 10.77, 8.6 respectively. 

Then we calculate the semi-perimeter:

! s =
(19.24 + 10.77 + 8.6)

2
= 19.305

then 

! A =
p
(19.305(19.305� 19.24)(19.305� 10.77)(19.305� 8.6))     

! A = 10.71 acres

THE ALGORITHM
Now that the problem has been solved, an algorithm can be written. What steps are involved?

1. Obtain the areas (in acres) of the three surrounding estates.

2. Calculate the lengths of the sides of each square estate.

3. Calculate the semi-perimeter for the triangular area.
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4. Calculate the area of the triangular region using Heron’s formula.

5. Output the value of the area of triangular region (in acres).

This is the basic algorithm. There is one point which could be elaborated upon. How are the lengths of the 

sides of each estate calculated? Due to the fact that the problem states the estates are “square in shape”, 

calculating the length of a side simply involves taking the square root of the area. The algorithm now 

becomes:

1. Obtain the areas (in acres) of the three surrounding estates.

2. Calculate the lengths of the sides of each square estate.

2.1. Calculate the square root of the area of an estate = length of the side.

3. Calculate the semi-perimeter for the triangular piece of land.

4. Calculate the area of the triangular region using Heron’s formula.

5. Output the value of the area of triangular region (in acres).

Shown diagrammatically:
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A,B,C

a =
p
A, b =

p
B, c =

p
C

s =
a+ b+ c

2

D =
p

s(s� a)(s� b)(s� c)
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CONSTRUCTING THE PROGRAM

Setting things up
The first thing to do is to determine the type of data needed in the program and derive the variables. 

1. Variables to store the areas of the three estates.
2. Variables to store the length of the sides of each square estate.
3. A variable to store the semi-perimeter.

4. A variable to store the value of the calculated area of the triangular piece of land.

As the calculations involve floating-point numbers, the datatype should be double.

! double area1, area2, area3;
! double side1, side2, side3;
   double semiP;
! double areaTri;

Part 1:
Obtain the areas of the surrounding estates. 

This is done with the usual series of printf (prompt) and scanf combinations.

! printf("What is the area of each estate?\n");
! printf("Estate 1: ");
! scanf("%lf", &area1);
! printf("Estate 2: ");
! scanf("%lf", &area2);
! printf("Estate 3: ");
! scanf("%lf", &area3);

Part 2:
Calculate the lengths of the sides of each estate.

This is achieved using the sqrt function found on the library math.h.

! side1 = sqrt(area1);
! side2 = sqrt(area2);
! side3 = sqrt(area3);

Part 3:
Calculate the semi-perimeter of the triangular region.

Translate the equation for the semi-perimeter using the appropriate variables representing the sides of each 
area.
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! semiP = (side1 + side2 + side3)/2.0;

Part 4:
Calculate the area of the triangular region.

Translate the equation for Heron’s formula using the appropriate variables.

! areaTri = sqrt(semiP * (semiP-side1) * (semiP-side2) * (semiP-side3));

Part 5:
Output the area of the triangular region.

! printf("The area of the triangle of land is %.3lf acres\n", areaTri);

THE WHOLE PROGRAM

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

int main(void)
{
    double area1, area2, area3;
    double side1, side2, side3, semiP;
    double areaTri;

    printf("What is the area of each estate?\n");
    printf("Estate 1: ");
    scanf("%lf", &area1);
    printf("Estate 2: ");
    scanf("%lf", &area2);
    printf("Estate 3: ");
    scanf("%lf", &area3);

    side1 = sqrt(area1);
    side2 = sqrt(area2);
    side3 = sqrt(area3);

    semiP = (side1 + side2 + side3)/2.0;

    areaTri = sqrt(semiP * (semiP-side1) * (semiP-side2) * (semiP-side3));

    printf("The area of the triangle of land is %.3lf acres\n", areaTri);

    return 0;
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}

COMPILE IT

! gcc - Wall -std=c99 -lm yorkshire.c

WHY USE -lm?

The C math library is typically stored in the file /usr/lib/libm.a on Unix-like systems. The corresponding 

prototype declarations for the functions in this library are given in the header file math.h. If -lm isn’t used, 

then the following error occurs:

! undefined reference to ‘sqrt’

The problem is that the reference to the sqrt function cannot be resolved without the external math library 

libm.a.  The function sqrt is not defined in the program or the default library libc.a, and the compiler does not 

link to the file libm.a unless it is explicitly selected. The library libm.a contains object files for all the 

mathematical functions. using the library can be specified explicitly on the command line:

! gcc - Wall -std=c99 /usr/lib/libm.a yorkshire.c

or using the shortcut:

! gcc - Wall -std=c99 -lm yorkshire.c

NOTE: Using gcc on OSX, the math library links automatically. On some other systems such as Ubuntu, the 

compiler flag, -lm must come last:

! gcc - Wall -std=c99 yorkshire.c -lm

TESTING

Now the program can be tested to see if the correct value is obtained.

! What is the area of each estate?
! Estate 1: 370
! Estate 2: 116
! Estate 3: 74
! The area of the triangle of land is 11.000 acres

Comparing this against the hand calculated value of 10.71, there is a slight discrepancy. This works out to be 

12,632 square feet.
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