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Coordinate Systems:

Many aspect of physics involve description of the location of an object in space.
In order to determine the location , we need coordinate systems (Cartesian , cylindrical and
Spherical systems).

1- Cartesian Coordinates : bz

The point P is identified by the Cartesian coordinates (x, y, z). _— P’

7 dz ;.’}f:-__

\ P dx dy
O < X < 4 P(x,y,2) 0 y
-0 <y < 4w >
—m < z < +0o

X
y When an object moves from one point to another

(P to P’), its coordinates change and form a cube:

The elementary volume is : dt = dxdydz
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2- Cylindrical Coordinates :

Point P is located by cylindrical coordinate (p, 8 , z).
p called radius , O called azimuthal angle .

0 <p<o
0 <6 <2m

—0 < z < +00

Conversion formula from Cartesian coordinates to
cylindrical coordinates :

p=Jx2+y?
1,y

6 = tan™' (=
an™" ()

zZ=2z
Conversion formula from cylindrical coordinates to
Cartesian coordinates:

X =p cosb
y = p sinf

Z = Z



ey jiad Ay 5 SIY) Aadal)
Al Wl 6L sl

Aanllg Liaill qyjaill daolell duwwgall

Technical and Vocational Training Corporation

When an object moves from one point to another
(P to P’), its coordinates change and form a cube

[

The elementary volume is :

dt = (dp)(pdf)(dz)
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Example 1: convert the point (1,3, -2v/3 ) from Cartesian
coordinates to cylindrical coordinates ?

x .y . Z)'I'he Solutlopp 0 Z)

(1,V3,-2v3)——(p,6,2)
p=/x* +y? J (D?*+(V3)? =/(D) + (3)=V4 =2

©=tan"! (g) =tan~! (\/—f) = 600=E

Rad=Degree x—= 60° 7

/= _2\/§ 6TC

= = ZRad
18 3

«. The point (1, V3, -2V3) = (2, g ,-2V/3)

Example 2: convert the point (1, 1,+/2 ) from Cartesian
coordinates to cylindrical coordinates ?

The Solution

(X 'Y z)%(p,ﬂ,z)

(1,1, V2) ——(p,0,2)

p=+/x2 +y2=/(D2+(D? =D + (D=V2

T

o= tan~! () = tan"1 (1) = 450"

Rad=Degree x—— 45° x—
180 180°

Zz\/i = ZRad

-~ The point (1, 1, \/§)=(\/7,%,\/§)
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Example 4: convert the point (6, E, 2) from cylindrical
Example 3: convert the point ( LIt g ) from cylindrical - : . ©
: 273 ! coordinates to Cartesian coordinates ?
coordinates to Cartesian coordinates ? .
The Solution
The Solution
(p, 6, 2) (x ,y , 2) (p, 6, 2) (x ,y , 2)
-1 4w . m
(2' 3’8) /(X Yo Z) (61 gr 2) (X 'Y Z)
-1 o —-1.,-1 1
X=p cosO® =—Xcos (240 ) =—X—=- . 3
‘ 2 2 4 x=pcose=6Xcos(3O)=6X7\/—=3\/§
T 3 \/— V3 .
y=p sin --—XS'”(240) e y:psin9:6Xsin(30):6X%:3
180° _ 47, 18 5 5
Z=8 Degree = rad x — ﬁ/ 0 525 Degree = rad x — =§X 1;)
o = T
= 4X 60 = 240 180° 30°
=— =
: -1 4m 1 /3 _ T
" Thepomt(?, ?'8)=(Z'T , 8) » The point (6, = 2)=(3\/?, 3,2)
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Example 5: convert the point (V2,6 , 1) from Cartesian
coordinates to cylindrical coordinates ?

The Solution
x ,y , z2)—(p,06,2)

(V2,v6 ,1) —p,0,2)

p=x* +y? J (V2)?+(V6)? =(2) + (6)=V8 =V2X4
=2V2

—tan-1 (0 = tan-1 (Y& = goo= T
©=tan (X)—tan (\/E)_6O_3

g1 g1
7-1 Rad=Degree X0 66!f XT80°
=2 = ZRad
18 3

Th@pOlnt(\/E,\/g ,1)=(2\/§;§rl)
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Example 6: convert the point ( 2, % , 4) from cylindrical
coordinates to Cartesian coordinates ?
The Solution
(p, 8, 2) (x ,y , 2)
TC
(2,5 .,4) (x .y, 2)
o 2
X=p cosO = 2 X cos (45 )2X§:\/§
y=psin@==2 Xsin (45) = 2 X§=\/§
BTN
7=4 Degree—rade—LLXoﬁ
=02 =45
4

~ Thepoint(2,7,4)=(2 ,v2, 4)
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Example 6: Calculate the volume (in cm3) when the point
move from (—2,0,3) to (4,5,6)?

The Solution
(x1 Iyl ,Zl) = (_2 ,0 ,3)

(xZJyZ rZZ) — (475'6)

dr = (dx)(dy)(dz) =
=(@A-(2)xG-0x(6-3)=
=6 X5X3=90cm3

. The volume =90 ¢cm?3

Example 7: Calculate the volume (in cm3) when the point

move from (5,%, 2) to (7,%, 6)?

The Solution
1T
(pl ;91 'Zl) — (SrZ '2)
T
(pZ '02 'ZZ) — (7'§ '6)

dt = (dp)(pd8)(dz) = p(dp)(d6)(dz) =

=5x(7—5)x(§—%)x(6—2)=

4  3m
=5 x(Z)x(E——> X (4) =

107
=5 ><(2)><( )x(4)—Tcm3

. The volume = 107” cm3 = 10.47cm?
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3- Spherical Coordinates :
Point P is located by Spherical coordinate (r, © , ¢).
p called radius, © called polar angle ¢ called azimuth angle .

Z
O0<r<m

0<B6<2mn
0O<od<m

Conversion formula from Cartesian coordinates to spherical
coordinates :

r=\/x2 + y? + z2
— —-1(Y
©=tan (X)

d=cos™ ()

Conversion formula from spherical coordinates to Cartesian
coordinates:

X=r sing cos©
y=rsing sin©

z=r cosd
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Example 1: convert the point (V6 , V6, 2) from Cartesian
coordinates to spherical coordinates .

x .y, Zhe Solutlorzr 0,¢)
(\/g,\/g,Z)%(p,e,d))

=TV = |+ (V6 +(2)?

=6+ 6+4=+16=4

_ —1/Yy _ —1(V6y _ —1(qy — gc0_T
©= tan (X) = tan (\/g) =tan™ (1) =45°= .
—rac—1(2) = -1(2)_ _I
d=cos (r) = COS (4) =60° = ;

» The point (V6,vV6 ,2)=(4 ,g,g)

Example 2: convert Cartesian coordinates of the point (1, 1 /6)
to spherical coordinates.

The Solution

(x ,y , z)——>(r,0,0)

(1 ,1 ,%)%(P;G;d))

r=yx% +y% + 722 = \/(1)2+(1)2+(\/5)2
=V1+1+6=18=V2X4=2V2

T

e=tan'(}) = tan~(}) = tan"1(1) = 45°= =

_ -1(%2\ _ —1 (/6 — =
b=cos (r)—cos (2\/_) =30° .

~ The point (1,1 ,vV6)=(2v2 ,E,%)
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Example 3: convert the point (4, g , E) from spherical

coordinates to Cartesian coordinates .
The Solution

(rrer ¢M(X Iy ’ Z)

m T
(4, -, ;) ——x .,y , 2)

x=r sind cos® =4 X sin(45°) X cos (30°)
_4x—x‘/—%4x—=x/5

y=rsing sin® =4 X sin(45°) X sin (30°)
_auV2 1 V2
_4x7xz_/4§7-x/§

z=r cosd =4 X cos (45°) # 4 )}\/75 =22

- The point (4, =, ) = (V6,v2, 2v2)

Example 4: convert the point (2, %, g) from spherical
coordinates to Cartesian coordinates .
The Solution
(r,0,¢)——x ,y , 2)

TC TC
(21 gi g)%(x 'Y Z)

x=r sind cos® = 2 X sin(60°) X cos (300)

_2x£x£ 3 _/ZX§=§

y=rsind sin® =2 X sin(60°) X sin (30°)

_zxﬁx1 fo f

z=r cosd =2 X cos (60°) =/ZX21 =1

. - Tom_3 V3
. The point (2, ~ 3)—(2,2,1)
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Example 5: convert the point (2v3, 6, 4) from Cartesian
coordinates to spherical coordinates .

x .y Jhe SOIUtiZ?r,G,cI))
(2V3,6,4)——(p,0,¢)

r=yx2 +y? +22 = \/(2\/§)2+(6)2+(—4)2

=v4X3 + 36 + 16

=12+ 36 + 16=/64=8

—tan~ 1) = tan~1(=—) = 60°="
©= tan (X)—tan (2\5)—60—3

d=cos™! G) = cos™ ! (%4) =120° = 2?“

» The point (2V3, 6 ,-4) = (8, g Z?R)

Example 6: convert the point (8, g , g) from spherical

coordinates to Cartesian coordinates .

The Solution

(r,0,¢) —lx ,y , 2)

(8,7, )——x vy, 2)

X=r sind cos® = 8 X sm(300) X cos (45°)
=8 X~ x— /z{x /zfxé_z\/_

y=rsind sin@ = 8 X sin(300) X sin (450)

=8 X~ x— gx7 /(x

z=r cosd = 8 X cos (30°) =8X/73 =4+/3

. The point (8 , % ) %) = (2v/2,2V2 ,44/3)
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