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Abstract— The purpose of this report is to study analytical 

geometry in sphere is used in real life application. The basic 

elements of Euclidean plane geometry are points and lines. 

On the sphere, points are defined in the usual sense. The 

analogue of the “lines” is the geodetic which is the great 

circle, the defining characteristic of the great circle is that 

the plane containing all its points also passes through the 

center of the sphere. 
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I. INTRODUCTION 

In classical mathematics, analytical geometry also known as 

co-ordinate geometry or in a common manifestation 

Cartesian geometry is the study of geometry using a 

coordinate system.  This constructs with synthetic geometry 

analytical geometry is widely used in physics, engineering 

and also in aviation, rocketry, space science, and space 

flight. It is the foundation of most modern fields of 

geometry, including algebraic, differential, discrete and 

computational geometry. 

 Usually the Cartesian co-ordinates system is 

applied to manipulate equations for planes, straight lines, 

and squares, often in two and sometimes in three 

dimensions. Geometrically, one studies the Euclidean plane 

(two dimensions) and Euclidean space (three dimensions). 

As taught in school books, analytical geometry can be 

explained more simply.  A sphere is the locus of a point 

which moves so, that its distance from a fixed point always 

remains constant. 

 The fixed point is called the centre of the sphere 

and the constant distance is called the radius of the sphere. 

Like a circle, in which geometrically is an object in two-

dimensional space, a sphere is defined mathematically as the 

set of points that are all at the same distance r from a given 

point, but in three-dimensional space. This distance r is the 

radius of the ball, and the given point is the center of the 

mathematical ball. These are also referred to as the radius 

and center of the sphere, respectively. The longest straight 

line through the ball, connecting two points of the sphere, 

passes through the center and its length is thus twice the 

radius; it is a diameter of the (sphere) ball. While outside 

mathematics the terms “sphere” and “ ball” are sometimes 

used interchangeably, in mathematics a distinct is made 

between the sphere(a two-dimensional closed surface 

embedded in three-dimensional Euclidean space) and the 

ball(a three-dimensional shape that includes the sphere as 

well as everything inside the sphere). This distinct has not 

always been maintained and there are mathematical 

references, especially older ones that talk about a sphere as a 

solid. 

 

II. HISTORY OF ANALYTICAL GEOMETRY 

Meaechmus, a Greek mathematician used to solve problems 

as well as develop and prove theorems by employing a 

method that strongly resembled coordinated and it is widely 

believed that the initial idea behind analytical geometry 

originated from him (Lutz, P.L (992). French mathematician 

and philosopher, Rene Descartes is generally credited for the 

invention of the ideology behind analytical geometry (Lutz, 

P.L (992). In his article, Discourse de la method (1637) 

Descartes outlined the principles behind analytical 

geometry. 

 Another mathematician and philosopher, Pierre de 

Fermat had also written various different principles of 

analytic geometry but his worked had to wait to be 

published until 1679 (Lutz, P.L (992). The existing ideology 

behind analytical geometry was developed by Leonhard 

Euler who borrowed heavily from Pierre de Format and 

Rene Descartes earlier ideas and combined them to come up 

with a more reasonable and concrete understanding of the 

current analytical geometry (Pekoe, D.(1998). 

 The emergence of coordinate geometry as a 

mathematical method as well as the growth of calculus as a 

mathematical method characterized the process of transition 

from the classical mathematics as the new dawn within the 

history of modern mathematics (Pekoe, D.(1998). The 

importance of coordinate axes is in order to fix a specific 

position of a given point within a plane. The point where 

these axes intersect is referred to as the origin and it is 

denoted by the symbol 0 (pekoe, D (1998). On normal 

occasions, the x-axis makes up the horizontal line while the 

y-axis makes up the vertical line. 

III. APPLICATION OF ANALYTICAL GEOMETRY OF THREE 

DIMENSIONS 

Analytical geometry of three dimensions tends to have very 

many different real life applications. One such application is 

in the field of chemistry where it is applied in order to help 

scientist understand the exact structure of a given crystal and 

a good example is the isometric crystals which are usually 

shaped as cubes (Manual Maths. (2014). In geography, the 

concept of analytical geometry of three dimensions is often 

used to graph equations that usually model surfaces that are 

in shape for example the earth surface which is spherical 
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(ManualMaths, (2014). Other applications are in the fields 

of mechanical design, data analysis as well as in physics to 

determine tensions between different forces. 

IV. EQUATIONS IN THREE-DIMENSIONAL SPACE 

Trigonometric  function and spherical coordinates in 

analytic geometry, a sphere with center (x0,y0,z0) and 

radius r is the locus of all points (x, y, z) such that 

(x-x0)²+(y-y0)²+(z-z0)²=r² 

Let a, b, c, d, e be real numbers with a≠0 and put 

X0 = -b/a, y0 =-c/a, z0= -d/a, ρ = b²+c²+d²-ae/a² 

Then the equation 

F(x, y, z) = a(x²+y²+z²)+2(bx + cy +dz)+e=0 

Has no real points as solution if ρ<0 and is called the 

equation of an imaginary sphere. If ρ=0 the only solution of   

f(x, y, z)=0 is the point p0=(x0, y0,z0) and the equation is 

said to be the equation of a point sphere. Finally, in the case 

ρ>0, f(x,y,z)=0 is an equation of a sphere whose center is p0 

and whose radius is √p. 

 If a in the above equation is zero then f(x, y,z)=0 is 

the equation of a plane. Thus, a plane may be thought of as a 

sphere of infinite radius whose center is a point at infinity. 

The points on the sphere with radius r can be parameterized 

via 

X = x0+r cosφ sinθ 

Y = y0+r sinφ sinθ    (0≤φ≤2∏ and 0≤θ≤∏) 

Z =z0+r cosθ 

A sphere of any radius centered at zero is an integral surface 

of the following differential form: 

xdx+ydy+zdz=0 

 This equation reflects that position and velocity 

vectors of a point(x,y,z) and(dx, dy, dz), travelling on the 

sphere are always orthogonal to each other. 

 A sphere can also be constructed as the surface 

formed by rotating a circle about any of its diameters. Since 

a circle is a special type of ellipse, a sphere is a special type 

of ellipsoid of revolution. Replacing the circle with an 

ellipse rotated about its major axis, the shape becomes a 

prelate’s spheroid; rotated about the minor axis, an oblate 

spheroid. 

V. ELEVEN PROPERTIES OF THE SPHERE 

 The points on the sphere are all the same distance from 

a fixed point. Also, the ratio of the distance of its points 

from two fixed points is constant. The first part is the 

usual definition of the sphere and determines it 

uniquely. The second part can be easily deduced and 

follows a similar result of Apollonius of perga for the 

circle. This second part also holds for the plane. 

 The contours and plane sections of the sphere are 

circles. This property defines the sphere uniquely. 

 The sphere has constant width and constant girth. The 

width of a surface is the distance between pairs of 

parallel tangent planes. Numerous other closed convex 

surfaces have constant width. For example, the meissner 

body. The girth of a surface is the circumference of the 

boundary of its orthogonal projection on to a plane. 

Each of these properties implies the other. 

 All points of a sphere are Umbilics. At any point of a 

surface a normal direction is at right angles to the 

surface because the sphere these are the lines radiating 

out from the center of the sphere. The intersection of the 

plane that contains the normal with the surface will 

form a curve that is called a normal section, and the 

curvature of this curve is the normal curvature. For 

most point on most surfaces different sections will have 

different curvatures; the maximum and minimum values 

of these are called the principle curvature. Any closed 

surface will have at least four points called umbilical 

points. At an umbilic all the sectional curvatures are 

equal; in particular the principal curvatures are equal. 

Umbilical points can be thought of as the points were 

the surface is closely approximated by a sphere. 

 For the sphere the curvatures of all normal sections 

are equal, so every point is an umbilic. The sphere and plane 

are the only surfaces with this property. 

 The sphere doesn’t have a surface of centers.For a given 

normal section exists a circle of curvature that equals 

the sectional curvature, is tangent to the surface, and the 

center lines of which lie along on the normal line. For 

example, the two centers corresponding to the 

maximum and minimum sectional curvatures are called 

the focal points. For most  surface the focal surface 

forms two sheets that are each a surface and meet at 

umbilical points. Several cases are special. 

 For channel surfaces one sheet forms a curve and the 

other sheet is a surface. 

 For cones, cylinders, torsi and cylinders both sheets 

form curves. 

 For the sphere the center of every osculating circle is at 

the center of the sphere and the focal surface forms a 

single point. This property is unique to the sphere. 

All geodesics of the sphere are closed curves: 

 Geodesics are curves on a surface that give the 

shortest distance between two points. They are a 

generalization of the concept of a straight line in the plane. 

For the sphere the geodesics are great circles. Many other 

surfaces share this property. 

 Of all the solids having a given volume, the sphere is 

the one with the smallest surface area; of all solids 

having a given surface area, the sphere is the one having 

the greatest volume. It follows from isoperimetric 

inequality. These properties define the sphere uniquely 

and can be seen in soap bubbles: a soap bubble will 

enclose a fixed volume, and surface tension minimizes 

its surface area for that volume. A freely floating soap 

bubble therefore approximates a sphere(though such 

external forces as gravity will slightly distort the 

bubble’s shape) 

 The sphere has the smallest total mean curvature among 

all convex solids with a given surface area. The mean 

curvature is the average of the two principle curvatures, 

which is constant because the two principle curvatures 

are constant at all points of the sphere. 

 The sphere has constant mean curvature.  The sphere is 

the only imbedded surface that lacks boundary or 

singularities with constant positive mean curvature. 

Other such immersed surfaces as minimal surfaces have 

constant mean curvature. 
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 The sphere has constant positive Gaussian curvature. 

Gaussian curvature is the product of the two principal 

curvatures. It is an intrinsic property that can be 

determined by measuring length and angles and is 

independent of how the surface is embedded in space. 

Hence, bending a surface will not alter the Gaussian 

curvature, and other surfaces with constant positive 

Gaussian curvature can be obtained by cutting a small 

slit in the sphere and bending it. All these other surfaces 

would have boundaries, and the sphere is the only 

surface that lacks a boundary with constant, positive 

Gaussian curvature. The sphere is an example of a 

surface with constant negative Gaussian curvature. 

 The sphere is transformed into itself by a three-

parameter family of rigid motions.   Rotating around 

any axis a unit sphere at the origin will map the sphere 

onto itself. Any rotation about a line through the origin 

can be expressed as a combination of rotations around 

the three-co-ordinates axis. Therefore, a three-parameter 

family of rotations exists such that each rotation 

transforms the sphere onto itself; this family is the 

rotation group so. The plane is the only other surface 

with a three-parameter family of transformations 

(translations along the x-axis and y-axis and rotations 

around the origin). Circular cylinders are the only 

surfaces with two-parameter families of rigid motions 

and the surfaces of revolution and helicoids are the only 

surfaces with a one-parameter family. 

VI. PROBLEMS 

1) The average basketball has a diameter of 9.5 inches 

what is the volume of an average basketball? Round 

your answer to the tenths place. 

A. Solution 

 
V=4/3 π r³ 

=4/3 π(4.75)³ 

=4/3 π(107.17) 

V=142.9π 

The volume of an average basketball is about 142.9πin³ 

2) A spherical fish tank has a radius of 8inches. Assuming 

the entire tank could be fill with water; what would the 

volume of the tank be? Round your answer to tenths 

place. 

B. Solution 

 
V=4/3 π r³ 

=4/3 π(8)³ 

=4/3 π(512) 

=682.7 π 

The volume of the fish tank is about 682.7πin³ 

3) A solid metal sphere has radius 9.8cm   the metal has a 

density of 5.023g/cm³ lynne estimates the mass of this 

sphere to be 20kg. Show that this is a reasonable 

estimate for the mass of the sphere.[ The volume v of a 

sphere with radius r is v=4/3πr³] 

C. Solution 

 

V=4/3 π(9.8)³ 

=3942.4558.cm³ 

Mass  = 5.023*3942.45 

=19802.955g 

=20 kg. 

4) A store sells the same quality of oranges graded as to 

size. A grade of orange 2 ½ -inch in diameter sells 

rs.3.00 per dozen. What should be the cost of grade 2-

inch in diameter? 

D. Solution 

 
Cost of orange per cubic inch 
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C=3/(1/6)π(2.5)³(12) 

= RS. 12/125πin³ 

Selling   price of 2inch grade orange 

P = c v 

=12/125π[π(2)³/6] 

P = RS.0.128 per piece 

P=RS.1.536perdozen 

5) A spherical weather balloon needs to bold 175 cubic 

feet of helium to be buoyant enough to lift an 

instrument package to a desired height. To the nearest 

Tenth of a foot. What is the radius of the balloon? 

E. Solution 

V = 4/3 ᴫR³ 

175   = 4/3 (3.14) R³ 

175   = 4.2 R³ 

R   = 42 

R   = 3.5 feet 

6) The sphere of radius 8cm is cut by two parallel planes, 

one passing 2cm from the center and the other 6cm 

from the center. Find the area of the zone and the 

volume of the segment between the two planes it both 

planes are on the same side of the center? 

F. Solution 

 
The surface area of the zone 

S= 2πrh 

= 2(3.14)(8)(6) 

= 201.06sq.cm 

Now, 

R1= √OB² − OE² 

R1    =√82 − 22
 

=√60 

R2 =√OD2 − OF2 

=√82 − 62 

=√28 

V = ᴫh/6(h2 + 3r1h2 + 3r2h2) 

= 586.43cu.cm 

7) Find the volume and total surface area of the earth. 

(consider the earth a perfect sphere of diameter 7960 

miles). 

 

G. Solution 

Surface area of the earth 

A= πD2 

A= 199.06× 106miles² 

Volume of Gass 

V= 1/6 πD3 

= 1/6 π(7960)3 

V= 2.64× 1011 miles³ 

VII. CONCLUSION 

The application of sphere in real life problems have been 

analyzed, with general results stated in terms of properties 

of the sphere. The proofs involve a combination of symbolic 

manipulation and analytical geometry. The results have been 

confirmed on other surfaces and volumes are provided. 

While these application have been overcome for the 

problems considered in this paper. They do point to the need 

for the development of better software tools analytical 

geometry-application of sphere in real life. 
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