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FIG 1
 Let the given diagram be in Cartesian coordinate system with the one corner of square at  the origin  , Now let compute the equations of four circles with centers at the corners of square. Circle 1 has its center at the origin and radius is given which is 1 so its equation will be 

[Note :- General equation of circle is  ( x – h )² + ( y – k )² = r²  where (h) and (k) are coordinates of center of circle and (r) is radius of circle ]
Equation of Circle 1  :-   x ² + y ² = 1 
The center of Circle 2 is  (1,0) and radius is 1  

Equation of Circle 2 :-    x² + y² -2x = 0

The center of  Circle 3 is (1,1) and radius is 1
Equation of Circle 3 :-    x² + y² - 2x – 2y  + 1 = 0

The center of Circle 4 is (0,1) and radius is 1

Equation  of Circle 4 :-   x² + y² - 2y = 0

I will use C1 ,C2,C3,C4 for circles 1,2,3,4

C1 and C2 intersect at points P1 and P7 from Fig 1 . Now let’s find coordinates of these points of intersection by solving equations of C1 and C2 simultaneously.

By solving simultaneously coordinates are  P1 (1/2 , -√3/2)  P7 (1/2 , √3/2)
C2 and C3 intersect at points P2 and P8  .

By solving equations of C2 and C3 simultaneously

We have P2 [( 2 + √3) / 2 ,  1/2]   P8 [ (2 - √3) / 2 , 1/2 ] 

C3 and C4 intersect at P3 and P5 .

By solving we have P3  [ 1 /2 , (2 + √3) / 2 ]   P5 [ 1 / 2 , (2 - √3) / 2]
C4 and C1 intersect at P4 and P6

By solving we have P4 (-√3 / 2 , 1 / 2 )    P6 ( √3 / 2 , 1 / 2 )

We are interested in Points P5 , P6, P7 and P8 .

As we can see from Fig 1  that P5,P6,P7 and P8 are equidistant from each other because diagram is symmetric .

As you have From diagram  P5 ,P6 ,P7 and P8  are joined by lines which forms a perfect square which is largest possible square that can be completely contained in the Shaded Area .
The coordinates of corners of this square are P5,P6,P7 and P8 .By using Distance Formula we can compute sides of this square . 
[Note :-  Distance Formula Is equal to  [image: image2.jpg]NIE R




where (x1 ,y1) and (x2 , y2) are the coordinates of points.

By using distance formula the side of square is equal  to  (2 - √3)

And therefore area of square is (2 - √3)² =  7 - 4√3

Now let’s calculate the actual area of shaded region .
As given that side of square in diagram is 1 so its area is also equal to  1.
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FIG 2

As you can see from fig 2 that all circles have a sector in the given square .I have only mentioned C2.  By subtracting area of sector of circle from area of square then 

we will  have the area of shaded region in fig 2. Are of sector of circle is given by 

Area =  r² θ/ 2  where θ should be in radians and r is radius .

As we know that θ is equal 90° which in radians is equal to  π/2  and radius of circle is 1 so the area is equal to π/4 .As area of square is 1 so by subtracting the are of sector from area of square we have 

Area of shaded region in fig 2 =  1 – π/4  =  ( 4 – π ) / 4
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FIG 3

As we know that the diagram is symmetric so both shaded regions are equal and we have calculated the shaded area in fig2 and fig3 the other shaded region is equal to the previous shaded region so if we add the two shaded  areas and then subtract it from area of square then we have the area of yellow shaded region .so adding areas of black shaded regions   ( 4 – π) / 4 + ( 4 – π ) / 4  =  ( 4 – π ) / 2 and then subtracting from area of  square    1 – ( 4 – π ) / 2  =  ( π – 2 ) / 2 which is area of yellow shaded region. 
From FIG 1  take the circle C 1  whose center is at the origin .

 The area of C 1 is  π  because radius is 1 . Therefore area of semi circle will be π / 2 
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FIG 4

In fig 4 I have just shown C1 and C4 from  FIG 1 .In fig 4 

The X coordinate of P4 is  ( -√3 / 2 ) and X coordinate of P6 is ( √3/2 )

Equation of C1 is          x² + y² = 1   which is equal to    y =  ( 1 – x ² )½

By  taking definite integral  from ( -√ 3/2 ) to ( √3 /2) of   ( 1 – x ² )½

We will obtain the area  of yellow shaded region .Therefore by solving definite integral  the area is equal to   ( 3 √3 + 4π ) / 12 . By subtracting yellow area from area of semi circle we will obtain are of blue shaded region. Therefore subtracting the area      π /2  - ( 3 √3 + 4π )/12  =  ( 2π  - 3 √3 ) / 12 (area of blue region )
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FIG 5

As we can see from fig 5 there is rectangle  ABCD . The length of rectangle is obtained by joining points P4 and P6 and width of rectangle is obtained by drawing 

perpendicular  from  A  and B  on X-axis . As the width of rectangle is along Y-axis and coordinate of A is same as the coordinate of P4 which is ( -√3/2 , 1 / 2 ) .As Y coordinate of A is 1/2  so width of rectangle is also 1/2  because rectangle is at X-axis. Length of rectangle can be by calculating distance between P4 and P6 using distance formula. Therefore ,by using distances formula length of rectangle is equal to  √3 . Since we the width and length of rectangle we can calculate area of rectangle 
Are of rectangle = Length x  Width = √3 x 1/2  = √3/2
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FIG 6

As we the area of rectangle ABCD and also we know area of blue region in fig 5 .If subtract  area of rectangle (red region) and area of blue region from area of semicircle of C1 we will obtain area of yellow region in fig 5.Therefore

π / 2  -  √3 / 2 -  ( 2π  - 3 √3 ) / 12  =  ( 4π – 3 √3 ) / 12 (yellow region).
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FIG 7

The yellow area in fig 6 is equal to yellow area in fig7 due to symmetry of diagram .If we subtract yellow area from area of sector of circle then we will obtain the area of blue region in fig 7 .Therefore
Are of blue region = Area of sector  -  yellow area  =  π /4  -  (4π – 3 √3 ) /12 

                                 =  ( 3 √3 – π ) / 12
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FIG 8

If we double the blue area in fig 7 as shown in fig 8  and then this from area of sector of circle then we will obtain area of green region in fig 8.Therefore

Area of green region  =  π / 4  - 2 ( 3 √3 – π ) /12 =  ( 5π – 6 √3) / 12
From fig 3 Are of Yellow region = ( π – 2 ) / 2

If we subtract are of green region in fig 8 from area of yellow region in fig 3 then we will obtain area of brown region in fig 8. Therefore

Are of brown region =  ( π – 2 ) / 2  - ( 5π – 6 √3 ) / 12 = ( π – 12 + 6 √3)/12
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FIG 9

If we double the brown area  in fig 8 as shown in fig 9 and then subtract it from yellow area in fig 3 then we finally obtain the desired area which is red in fig 9.

Area of red region  = ( π – 2 ) / 2 -  2 (π  - 12 + 6 √3)/12 =  ( 2π + 6 – 6 √3 ) / 6.
This is the recquired area .       ( 2π + 6 – 6 √3 ) / 12
The calculated area of largest square that can be contained in the recquired area is equal to     7 – 4 √3 .

Area of recquired region is equal to ( 2π + 6 – 6 √3 ) / 6
Percentage Error  =  (Area of square / Area of region ) x 100

                                = [ ( 7 – 4 √3 ) /  ( 2π + 6 – 6 √3 ) / 6] x 100
                                =  22.7 %

From error percentage the area of square is not a good estimate of the actual area.
