PH101: PHYSICS1

Lecture 3



II. Cylindrical coordinate system (7,0, 2)

T How to specify a point ‘P’ in space ?
(r,0,z)
U z-Height from the XY plane

, Q (7, 8) Coordinate of the foot
z of the point in XY plane

X
Q (1, 0, z) coordinates system is known as cylindrical coordinate system
Why the name cylindrical?

U Point ‘P’ is the intersection of three surfaces: A cylindrical surface r =
constant; A half plane containing z-axis with @=constant and a plane
Z=constant.



Coordinate transformation: Cartesian to

cvlindrical

Transformation equation is very similar to polar coordinate
with additional z-coordinate.

X =171rcos0
y =rsinf
(x,y,2) Z=12Z
~(1,0,2)
Reverse transformation
1
Z r=(x% +y?) /2
/ —| 6 = tan1 Y
9\\\\?4 x
Y Y zZ =127

Note: Instead of (7, 8) many books use notation (p, @).




Unit vectors in cylindrical coordinate system

Polar coordinate unit vectors (7, 9) +
additional unit vector in the z —direction.

1
z
0 Q#, 0 and 2 are unit vectors
1 §|A along increasing direction of
. L coordinates r, 0 and z.

| ?>\, r=cos0 x+sinfy
o y |0 =-sin@ X+ cos@y

zZ=12

# and 6 are orthogonal but their directions depend on location.




Position, Velocity, Acceleration, Newton’s law

in cvlindrical coordinate system

Vector components are very similar to polar coordinate+
Z —component

—

OP =R =1 + z2

Position vector

Velocity U=7F+100 + 22

A4 ll

Acceleration Eﬁ:{> d=(f —r8>)F + (2710 +r6 )0 + #2

F=FEf+F,0+E32
Newton’s 21 N
cwton's law [::>: m[(# —r0*)7 + (270 + 16 )0 + ZZ]




II1. Spherical polar coordinate system

_ | _> T — Radial distance from origin

0 — Angle of radial vector with z-axis.

¥V, Z)

@ — Angle between X-axis and the
projection of radial vector in XY plane

> Y

(r, 8, @) is known as spherical polar coordinate

X

Note that point (7, 8, @) is at the intersection of three surfaces

O A sphere where r =Constant ) .
Be careful, notations are different.

[ A cone about z=axis with 8=constant. 7 and 6 are not planer coordinate.

A half plane containing z-axis and @@= constant



Connection of spherical polar with cartesian

Transformation relations
X =1sinfcos @
y =rsin0sin @
Z=rcosfO

> N

Hence

(2 4 2 4 2\ 2
r=(x?+y*+2%)

P (x? 2)1/2
4 X+
S (x,y,2) 0 = tan! Y
~ z
— tan~12
¢ X
rsiné __ >Y
‘o~ x =rsinfcos ¢

/= T sin 0 sin ¢



Unit vectors in spherical polar

U Position vector
r=rsinfcospX+rsinf@singpy+rcosbz

IR

y =

F=sinfcospX+sinfsingpy-+cosbz

L @ is the unit vector perpendicular to
@ =constant plane (rz plane),
I,e, perpendicular to unit vectors 7 and Z°

N A ~ : A~ rXxz
X O 7, 0 and @ are, respectively | | Thus P = Ifxfl
- rxz
perpendicular to r = const. _ (=% sin Osin @+9 sin 6 cos @)
6 = const. ¢ = const. - sin @

@ =—Xsing +ycosq

0 g - @

[

= Xcos@cosf + ysingcosf —Zsinb




Unit vectors in spherical polar

r=rsinf@cospX+rsin@sine@y +rcosbz
r - . .
f‘=;=’JECOS(psinB+ysin(psm9+zcose
. ar . .
9=£=xcos<pcose+ysmrpcose—zsm0
» = —%xsing +ycose (=0 of Plane Polar 60 —¢!)




Partial differential of unit vectors in spherics

nolar
Unit vectors in spherical polar coordinate are function of 8 and ¢ only.
0? d
90 60 — (XsinBcosp +ysinBsing +zcos0)
= (XcosOcosp +ycosOsing —2sin0) =0
or d 9 2 0 N 0 N 0
dgp g xsin@ cos ¢ +ysin0 sin @ + Z cos
= (—Xsinf@sin¢@ + ysin 0 cos @) = sin 0 §

Additionally, you may verify:

90 0
%—%(xcosecosrp+ycosHsm(p—zsm9)
= (—Xsinfcos@p —ysin@cos@ —Z2cosO) = —r
900 9

90~ 90 (XcosOcosp +ycosOsing —zZsin0)
= (—XcosOsing +ycosOcosep) =—cosOT




Velocity in spherical polar coordinate

r=rsinf@cospXx+rsin@sinepy+rcosbz
47 d
PEa T a v

. (0740 0t dg
— T\ 96dr T ag dt
= ff+r(9§+sin ¢ gﬁ)

Chain rule

e d

a
= (# —r0% —r@?sin?0)f + (r6 — 276
—r¢?sinf cos 0)6 + (rgb sin@ + 2r6@ cos 6 + 27 sin 9) 7




Velocity —to remember!

t
gl.lenllentary , — | —
1513 acemel.l m. S rsin@de @
arbitrary direction
AT in At

i

>Y

Ar = dri +1d60 + rsin6 de @

Ar drA_I_rdH,é_l_rsiancpA
T At At ¢

V=77+1600 +1rsin0¢ §




Wen, We are 'c’one w‘lﬂ‘\ ﬁ\e necessary

maﬂ\emaﬁca! cohcep’rs!

Ole, Now Lin to Phgs’ws!



