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In three dimensional systems there are three coordinate systems such as
1. Cartesian /Rectangular coordinate System (RS)
2. Cylindrical coordinate System (CS)
3. Spherical coordinate System (SS)

Cartesian /Rectangular coordinate System:
In the Cartesian coordinate system in 3D, the point in a space or in three dimensional systems be

represented by the symbol (x, Y, z)where X is the distance on x axis, y is the distance on y axis

and z is the distance on z axis of the point(x, y,z).
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Cylindrical coordinate System:
In the Cylindrical coordinate system in 3D, the point in a space or in three dimensional systems

be represented by the symbol (r,8,z)where r is the distance of the point from origin or length

of radial line, @ is the angle between radial line and x axis and z is the distance of the point
(r,6,z)from the xy plane.

Many mathematicians use the symbol ‘ p ’ in place of “ r .
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Spherical coordinate system:
In the Spherical coordinate system in 3D, the point in a space or in three dimensional systems be

represented by the symbol (p,ﬁ,go)where r is the distance of the point from origin or length of
radial line, @ is the angle between radial line and z axis and ¢ the angle between radial line

(joining with the foot point of the perpendicular from the given point on the xy plane) and the x
axis.
Many mathematicians use the symbol ‘r’ in place of “ p .
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1] Relation between Cartesian and Cylindrical System:

X =1TrCcosf
y=rsiné
Z=1

1= Relation between Cartesian a

X = pSin @ cos @
y = psin@sin @

X

r=x>+y’
@ =tan™ ( yj
Z=17

nd Spherical System:

p =X+ y?+72

Z = pCosd

[:1[=] Relation between Cylindrical

r=psiné
0=
Z=pcosé

Restriction:
X!yize(_wlw); pyre

Mathematical Problems
Problem no: 01

[,2 2
_ X"+
0 =tan™ NX Y or Hzcos‘l(;)
Z X2 +yi+2°
ot L
(2] el
X
and Spherical System:
p=~Nz*+r?
r
O=tan'| —
Z
p=0

[0,%); 6e[0°180°]andpe|0°,360° |

Convert [3,%,—4} from Cylindrical to Cartesian Coordinates.

Solution:
Given that,

Cylindrical coordinates of a point is

We know that,

X=rcoséd , y=rsind and z=z

Now, X = rc059:3cos%=3x%

(r,6, z):(B,%,—4j
3
2



y:3sin£=3x£:ﬁ
3 2 2
1=12=-4
Therefore the Cartesian coordinates of the given point is(x Y, z) = (g¥—4J :
H.W:
Convert the followings cylindrical coordinates to the Cartesian Coordinates system:
1, (4\/5 iy —4j
4
2. (443,0,5)

Problem no: 02
Convert (—2, 2,3)fr0m Cartesian to Cylindrical Coordinates.

Solution:
Given that,

Cartesian coordinates of a pointis (x, y, z)=(-2,2,3)
We know that,

r=x*+y?
o=tant| L
X
=17
Now,
r=x2+y2 =\(-2)?+2? =J4+4=B=2\2
G:tan‘l(l):tanezlztaneziz—l
X X -2
Here
tang=-1
tang = —tan =
4

tan @ = tan(z — %)

tand = tan(%[)

s
4

0
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And
Z2=72=3

Therefore the Cylindrical coordinates of the given pointis(r , 8, z) = (2@%3)

g(')\:\\\//.ert the followings Cartesian coordinates to the Cylindrical Coordinates system:

1 (443,4,-4)

2. (—3,-4,4)

3. (—3.4,2)

4. (42,-1,-4)

5. (+3,0,0)

6. (0,4,9)

7. (443,0,5)

Problem no: 03

Convert (8%%} from Spherical to Cartesian Coordinates.

Solution:
Given that,

Spherical coordinates of a pointis (o , 8, ¢)= (8%%)

We know that,
X = psin@dcose , y=psinfdsingpgand z = pcosé
Now,

T 1 ﬁ:ﬂzz\/g

X—pSiﬂHCOSw—SSiI‘IzCOS——8><—><—
4 6 V22 2

] ] . T . T 1 1 4
= psingsin :85|n—sm—=8><—x—=—=2\/§
y=p ? 476 22 2

And
T 1
Z=pC0SO=8C0S =8x—— =42
r» 4 2

Therefore the Cartesian coordinates of the given point is(x Y, z) = (2\/6,2\/5,4\/5)

H.W:
Convert the followings Spherical coordinates to the Cartesian Coordinates system:
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1. (4 3,5,5j
4’4
2, (—J§,124°,75°)

3. (v/3,140°,140°)
Problem no: 04
Convert (2\/5 6,—4)from Cartesian to Spherical Coordinates.

Solution:
Given that,

Cartesian coordinates of a pointis (X, y, z)= (2\/5,6,—4)
We know that,

p=+X2+y?+17°

O=tan | Y—— Xy

Z
@ =tan' Y
X
Now ,
p=AC+y’ +7° =J(2/3)" +6% +(-4)’ =/12+36+16 =/64 =8
2 2 2 2 2 2
6’tan{—“xﬂ/}:nané?—“‘)(er:nané?—“(2\/5)4+6
z z -
=tand = /12+36 :m: 4\/§:_\/§
4 4
Here
tanez—\/g
tan6?=—tanz
3

tan @ = tan (n—fj
3

tan @ = tan (2—”1
3

gl
3
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6 3
And :tanl(l]:tan Y tanp=—=>_3
®» y ® X ® 2\/§ \/§
Here
tango=J§
T
tan ¢ = tan =
=3
co=Z
R 3
Therefore the Spherical coordinates of the given pointis(p , 8, @) = (8 2?” %j
H.W:
Convert the followings Cartesian coordinates to the Spherical Coordinates system:
1 (4V3,4,-4)
2. (~3,-4,4)
3. (—3.4,2)
4. (42,-1,-4)
5. (+3,0,0)
6. (0,4,9)
7. (443,0,5)

Problem no: 05

Convert [1 : % : 1) from Cylindrical to Spherical Coordinates.

Solution:
Given that,

Cylindrical coordinates of a point is (r , 6, z)=(1, % : 1j

We know that,

Now,

p=NZZ+12 =P +1> =1+1=42
m.A.Holim | [
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H:tanl(ij:tanezizlzl
z z 1
Here
tand =1
tan @ = tan ~
4
L 0="
4
And
T
= 0 = —
P
Therefore the Spherical coordinates of the given pointis(p , 6, ¢) :[ 2 %%j
H.W:

Convert the followings Cylindrical coordinates to the Spherical Coordinates system:

1. (4J§,42°,—4)
2, (4J§,o°,5)
3, (—J§,134°,—4)

Problem no: 06

Convert (4\/5 , % , %J from Spherical to Cylindrical Coordinates.

Solution:
Given that,
Spherical coordinates of a pointis (o , 6, (p)=[4 3, % , %j
We know that,
r=psiné
0=
Z=pcosé
Now,
. . 1
r=psind=43sin% =43x—— =26
P 2 7
T
===
=%
1
And 7= pcosf=4J3xcosZ = 4Bx—— =26
p 2 7
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Therefore the Cylindrical coordinates of the given pointis(r , 8, z) = (2\/5%2\/@

H.W:
Convert the followings Spherical coordinates to the Cylindrical Coordinates system:

L ( 3,£,£j
4 3

Transformation of Equations
Mathematical problems

Problem: 01

Express Cartesian Equation x> —y* =25 in Cylindrical Equation.
Solution:

Given Cartesian Equation is x* —y® =25

we have

X=rcosé ,y=rsin@ andz=1z
Replacing x and y from the given equation we get desired Cylindrical equation as follows,
2 . 2
(rcosd)” —(rsing)” =25
r’cos?@—r?sin6 =25
r’(cos® 0 —sin” 0) = 25
r*cos(26)=25
r’ = 25Sec(26)
(As desired)

Problem: 02

Express Cartesian Equation x*+ y® +z? =0 in Cylindrical Equation.
Solution:

Given Cartesian Equation is x* +y*+2z° =0

We have,

X=rcosé ,y=rsin@ andz =1z
Replacing x , y and z from the given equation we get desired Cylindrical equation as follows,
(rcos@)2 +(rsin 0)2 +2°=0
r’cos’*@+r?sin*0+z>=0
r*(cos® 0+sin”0)+ 2> =0
r’+z°=0 (As desired)

H.W:
Transform the following Cartesian equations into the Cylindrical Equations:

1. xX* -y +27* =3x
2. X2+y'+7°=2z
3. 2=y*-%x
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4., x+y+z=1
Problem: 03
Transform Cartesian Equation x*+ y*> —z* =1 to Spherical Equation.

Solution:
Given Cartesian Equation is x> +y*—z* =1
We have,

X = psin @ cos @
y = psinédsin @
Z = pCcosé

Replacing x, y and z from the given equation we get desired Cylindrical equation as follows,

(psin ts?cos.qo)2 +(psin@sin go)2 —(,ocosé?)2 =1
p°sin® @cos® p+ p?sin® @sin® o — p®cos* @ =1
p’sin® 0(cos’ p+sin’ p)— p* cos’ O =1
p’sin®@—p®cos’O=1
p’ (sin® @—cos® ) =1

—p*(cos* 0 -sin®0) =1

—p’ cos(20)=1
p’cos(20)=-1
p’° =—sec(26) (As desired)

H.W:
Transform the following Cartesian equations into the Spherical Equations:

1. xX* -y +27* =3x
2. X2+y'+7°=2z
3. f=y* %

4, X*+y*+17°=0
5. X+y+z=1

Problem: 04

Transform Spherical Equation p =2cos¢ to Cylindrical Equation.
Solution:

Given Spherical Equation is p =2cos¢

We have,
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p=~Nz2>+r?

6 =tan™ [Lj
v

p=0
Replacing pand ¢ from the given equation we get desired Cylindrical equation as follows,

Jz?+r? =2cos@
J2 2 =2x L [+ z=pcosd]

Yo
22 +r? =2x z
2 +r?
7’ +r°=2z (As desired)

H.W:
Transform the following Spherical Equations into the Cylindrical Equations:

1 o-%

P 4

2. p=2secH

3. p=cosecd
Problem: 04

Transform Cylindrical Equation r?cos 26 = z to Cartesian/Rectangular Equation.
Solution:
Given Cylindrical Equation is r’cos26 = z
We have,
X=rcosé ,y=rsin@d andz =z
Given equation is
r’cos20 =z
r’(cos’ —sin’6) =z
r’(cos’ —sin’6) =z
r’cos’@—r’sinf =z
(rcosé?)2 —(rsin 6?)2 =z
(x)’—(y)’=z  [Putting values] (As desired)

H.W:
Transform the following Cylindrical Equations into the Cartesian/Rectangular Equations:
1. r=2sin@

2. z=5sind
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Problem: 05
Transform Spherical Equation psind =1 to Cartesian/Rectangular Equation.

Solution:
Given Spherical Equation is psing =1

We have,
X = psin@cosp,y = psin@sing,z= pcos@ and p = \/xz +y®+2z?
Now,

psing =1
psin®0=1
p’(1-cos*0) =1
p°—p’cos’=1
P’ —(pCOSH)Z =1
p*—(pcosd)’ =1

X +y*+2° -7 =1

X +y*=1 (As desired)
H.W:
Transform the following Spherical Equations into the Cartesian/Rectangular Equations:
1. psinp=1
2. p=2secy
3. p=cCsce
4. psing=2cosd



