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Relation Betwe=n Rectangular and Cylindrical Polar Coordinates:

G= | Gl —- (1) Squarlng & addmg (l) &(2)
0= 1{"8—(2) | 2{"@2—+ 1 2G8i 2—= of + P 2=+ o
(:x: d ------------ (3) = e + ¢«
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Relation Between Rectangular and SphericadPolar Coordinates:

= "1"Qs GEi —------ (1) Squaring and adding (1),(2)&(3)
@= "1 Qe ("@—-m- (2) " 20 "Q% (Fi 2—+ " 2{"Q% [ "2+ "2(8{ 3 = WA P+ &2
Q= "08ie -mmmmoeeee (3) "2 {"@% (fi2—+ [ "©2—+ CEi 20 =GR Y + O°

"Z= @+ P+ QP Z= e + )
Dividing (2) by (1)
@)

WE—= < P="H &
w 3

From eq.(3p8ie = & v = "/ Z'
Example#24: An equation in cylindrical coordinates i$l "l = 6. Transform the equation into rectangular
coordinates.
Solution: Given equation irtylindrical coordinates is

2cos2—= @

12 i2— i"®°—=a Ccos2—= Gi’— ("@*—
1201 2— 12"@%—= &
Using o=1di— & =1i"®—»we get
« «f = & is the equation in rectangular coordinates.
Example#25: Express the equatioo + 0 + 0 = in cylindrical coordinates.

Solution:  Given equation,in reCtangular coordinates is¢f + o¥ + & = 16

Using 12 = 6?4 «’, we get i2+¢=16
Example#26: Transform the equationo + 6 0 = into spherical coordinates.
Solution: Given equation in rectangular components
W+ 6F =9
Using @="{® di—, O="i"8 i"&— & &="cgi+ ,weget
"{"Qe GBI —2+ "{'® ({"®—2 "cEie 2= 9
" 2002 GEi 2—+ " 2[ Q% {"©>— "2¢§i% =9
"20"0% (Fi°—+ ("@2— "2(%i% =9
"2i"@%  "2G§{2% =9 "2 ('®% (g% =9
"2¢§i2¢ = 9 is the equation in spherical coordinates.
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Exercise #8.7

Q#1: Find the cylindrical coordinates of the point whose rectangular coordinates are:
@ wu,,

Solution: Given point is 23,2, 2

We know that the relation between rectangular and cylindrical coordinates are

w= 108 — 1= o2+ a7
w=1iie— - tan 1 W
a= =g
a=q
2 — .
Sincei = W+ ? i= 23 + 22=112+ 4= 116 i =4
= 19 - 1 2 = 1 1 = -

& —= tan 5 tan 5 tan o5 5 & \a 2
Hence corresponding cylindrical coordinates, -4 = 45 2.

Q#2: Change the following from cylindrical coordinates to rectangular coordinates.

@ .-

Solution: given point is 65 5

We know that the relation between rectangular and cylindrical/coordinates are

0= 10— 1 =V02 + o7
G=1ie— LW
&= g
a=q
el o6l -3
W= 0GEl = W= 0.—< w=
3 2
h=6i0; ®=62  &=23i3 & a= 5

Socorresponding i@angularcoordipatesire awa = (3,313, 5)

Q#3: Find the spherical coordinates of the point whose rectangular are
@ , .7

Solution: Given pot is 1,1,16 , As we know that the relation between rectangular and spherical polar coordinates

W= "{"© i — "= R+ R+ o2
W="{"Q i "O— ~ tan 1 w
d: ” dil' . —= lan _(b
1 @
e = COS " 5
So'= F+@F+@ "=VITiv6 "= UB
® 1 -
—=tan ! = —=tan ! = —=tan 1 — =
W 1 6
, - - .
e =cost ¥ e=cos! ® «=cos! 2 . ==
g V8 2 6
So corresponding spherical polar coordinates’are;s = Mg’Z’E
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@ , u,
Solution: given point is 4, 4W3,6

As we know that the relation between rectangular and spherical polar coordinates

. "= @@
w="1"Q o&i— B ;W
G= "0 ("0 —=fan g
oo T . o
o= ol e« =cos?! -
[ Ay 2 >, y
S0”" = W+ P+ @ "= 42+ 43+ 62 = 116+ 48+ 36 = 1100 " =10
— 1 _4m - 1 R __5
—= tan 2 tan 3 3
6
e =cos ! — « =cos?! =
10 5
So corresponding spherical polar coordinates’arers = 10,%,cos 1 g
Q#4: Find the rectangular coordinates of the point whose spherical coordinates are
(@ (.2/ .2/ ) .
Solution: given pointis” ,— = 5,5.5 »Aswe know that the relation-between rectangular and spherical polar

coordinates

W= "{"© g1 — B L ®
“= "0 i 'e— —=tn - s
S 'r,,. (1
o=l e« =cos?! -
w= 55in%cos%= 51.0 w=0
%= 5sin-sin>=51 1 ®=5 & &= 5cos;=5(0)  ¢=0
So the corresponding rectangular'cootdinates@gd = 0,5,0
[ @(.2,2) _ |
Solution: given pointis " ,—» = 2,5?,37 , As we know that the relation between rectangular and spherical polar
coordinates
W="1"© cgi — - tan 1 )
W= "l'@; 'I O— %()
o= ate « =cost ;&
b= 2sindicosti= 2 L 1 b L
w= 23|n4coss—2 5 3 w= 5
o= 2sindsintioo L B be B_ 3 i= 2cosd= 2 L I
w= 2sin 2 Sin—-= 2 5 > w 5 > & a Zcos4 2 s a N2
So corresponding rectangular coordinates arey & = mii g 2
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Express the given equation in rectangular coordinates:
Q#5: "H'l =

Solution: given equation iSugis = 2

As we know that the relation between rectangular and spherical polar coordinates

. "= W+t
W="{"Q gi— W
’ TRy e —= tan 1 =
W="1"8 i"&— ®
2w T a
o= ot « =cos ! ;
Now as” (gis = 2 G=2

Q#6: = "R N
Solution: we know that relation between rectangular and spherical coordinates

* "= R % CRet P
G= 1" Gi— (EAF
G="i"gr ("0 Xeant 2
oo o . a
e “\=cos ! -
Bi " = 206w Gi—
Multiplying both sides by "2 = 2" (" (Ei —
oF + o + dz = 2w
o+ 6+ &® 20w= 0 Required equation.
Q#7: = il il
Do yourself
Q#8: M1 ='H

Solution: we know that relation between rectangular and spherical coordinates

: "= @@l
W= " Qe 6 — A
P w ‘e —= tan by
W= " i"Qvi0— »
2w T a
A=y wale e =cos! =
As” 20§ 2—= 67
"2 G§i2— ('QP—= ¥ C cki2—= c8i2— i'@*—
"208i2—1 aE2—=
"2 g2, "2 gE2— _
—m— - @ Tme - @
@,
o 2l
. , - 11 noo . . o W WP .
0.)2+(A)2+q |1T|’|—d (.02+002+q (l)2+d)2_('$
lJI gy
u v

o+ @+ o & =6 6+ o isrequired equation.

Written and composed by M.Bilal ( 4363500@gmail.com ) Mardawal Naushehra ,KHUSHAB Page4




Mathematics Calculus With Analytic Geometry by SM. Yusaf & Prof.Muhammad Amin

rd

Q#9:5="1 "Ml

Solution: we know relation between rectangular & cylindrical coordinates

As d=12cos2—
G=12 Giz— (92—
a=12di2— 12{@2—

a= o «f isrequired equation.

Q#10:6= +lil

Solution: we know relation between rectangular & cylindrical coordinates
Asa= 1+ sin— a 1=sin—

Multiplying both sides by i 1 =isin—

Squaring on both sides 12a 12=i?%"e°—

o+« & 12=fisrequired equation.

Express the given equation in cylindrical & spherical coordinates.
Q#11: 0+ 0 0 + =

Solution: given equation is Ot N2 P+ 4= 0 Sl (1)
We know that

W= "{"Q Ei— =" i®— & a="ofie
Putting in eq. (1)

1@ GEi—+ 7@ '@ "208i% +4=0

"2{"@% cos—+ sin—2 "2¢gi% +4=0

"2{"©% (§i2—+ [ "@?—+ 2sin—cos== Y’ 20§i% +4=10
"2{"®% 1+ sin2— "2({2 % 4= 0
"2{"Q% + "2{"@% sin2-4&, "2g{2 +4=0

"2 Ggi2e  ["@2e ~+ "2{"®2e sin2—+ 4= 0.

" 20082e A2[ B2 sin2—+ 4= 0.
"2 {"®% sin2+ cos2e + 4= 0 isrequired equation.
Now for cylindrical coordinates
Putw= 1 i —= sin—a= &in eq. (1)
168i —isin—2 &+4=0
12 08 — sin—2 +4=0
12 G8i2—+ {"®@°—+ 2sin—eos— & +4=0

i21+sin2— &+ 4= 0 is required equation.
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Q#12:6 +0 + 0=

Solution: Given equation is W+ @+ 20= 6 -—----mmmen (1)
As we know for spherical coordinates , puto= " sine cos , = "sine sin— &= " cose ineq. (1)
" 202 GEi 2—+ " 2{"©2% [ "®%>—+ 2" cos* = 6
" 2{"@% GEi%—+ ("@2—+ 2" cose = 6
"2{"@% + 2" cose = 6 is required equation
Now for cylindrical coordinates , Pui= i &&i —&= sin—d&= ain eq. (1)
12081 2—+ 1 20"@%—+ 20= 6
12 Ci2—+ {"@2—+ 24=6

12+ 24 = 6 is required equation

Q#1306 O b =

Solution: given equation is 6 @ GB=1 - (1)

As we know the spherical coordinates, pot ” sine cos ,0= " sine sin—&= " cos* ineq. (1)

"2 Q% GFi2— 2% ("Q2— "20§i2 =1
"2Q% G2 ('@P— "2(fi% =1
"2{"@% cos2— "2(§i% =.1

"2 {"@% cos2— c&i 2+ \="1"is required equation

Now for cylindrical coordinates, Pdi= i ¢ 4@= sin—&= ain eq. (1)

12081 2— WAi@2=— =1
12,0802 iee— =1
i2cos2— @&° = 1is required equation
Q#14: 0+0 0=
Solution: given equationis 3w+ @ 40= 12 -------------- (1)

As we knew thatfor spherical coordinates, Pdi= ” sine cos—w= " sin* sin—qQ= " cos* ineq. (1)

3 "{"®@ cos—+ " sine sin— 4" cose = 12

" 3i"®e cos—+ sine sin— 4cose = 12 is required equation
Now for cylindrical coordinates Pwt= 1 681 —w= sin—a= &in eq. (1)

3i cos—+ i sin— 44 = 12is required equation
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