Inifinitesimal alan biiyiikliigii
ds= dly.dl, = (hedd)(h,dz)
dsy= dl,.dl, = (hydr)(h,dz)

ds,= dl,.dly = (h,dr)(hyd)

Inifinitesimal alan vektorii

—

ds,= dsf=dl.dL,f
= (hydo)(h.dz)
~(r.d¢)(1.dz)?
ds,= dsy®=dl,.dL
= (hidr)(h,dz) &

~(1.d0(1.d2)

—

ds,= ds,2=dl,.dl,2
= (h,dr)(hyd¢) Z

=(1.dr)(r.d$)2

Inifinitesimal hacim biiyiikliigii
dv=dldldl,

= (hydr)(hgd¢)( h,dz)

dv= dl,dl,dl,
= (1.dr)(r.do)( 1.dz)

=r.dr.d¢.dz



Slindirik Koordinat Sistemi

Eksen  Metrik katsay1 Infinitesimal uzunluk
T h,=1 dl; = h,dr=1.dr
0 hy=r dly = hydd=r.dd
Z h,=1 dl,=h,dz= 1.dz
Inifinitesimal yer degistirme vektorii
dl = di,+dl, + di,
di= (hdr)? +( hyd@)@+ (h,dz)2
di= (1.dr)f +( 1.d@)e+ (1.dz)z
Kiiresel Koordinat Sistemi
Eksen Metrik katsay1 Infinitesimal uzunluk
R hR =1 le = hRdR:1 .Dr
é he =R dle = hede: Rde
® hy = r dly = hydd=r.d¢
= Rsin(0)

Inifinitesimal yer degistirme vektorii

_ = - —

[ = dip+dly + di,
di= (hgdR)R +( hed0)d+ (hyd)P

—

!

(1.dR)R +(R.d0)8+ (Rsin(0).d@)P



Kiiresel Koordinat Sistemi
Inifinitesimal alan biiyiikliigii
dsg= dlg dly = (hpdB).(hydd)
dlp = dlr. dly = (hrdR).(hed¢ )

dss = dlg. dlp = (hrdR).(hed® )

inifinitesimal alan vektorii

dsg= dsgR=dlp.dly R= (hpd0).(hydd) R=(R.d6).(Rsin(6).dp)R

dsg= dsgb=dl.dl,8= (hgdR).(hyd$) =(1.dR).(Rsin(6).d$)d

ds,= dsg@=dlg.dle®= (hrdR).(hed0) $=(1.dR).(R.dO)P

Infinitesimal hacim biiyiikliigii
dv=dlg dlp dl,
= (hrdR) (hedb) (hyd¢)
= (1.dR) (R.d0)(Rsin(0).dd)

= R”.sin(0).dR. dO .do



e @, xveybaghdrr
o {,Z'ye bagh degildir
e 1,xveybaghdr
e 1, 7'ye bagh degildir

x=rcos(0),
y=rsin(9),

e

tan(¢p)=y/x

(1) ve (i1) denklemlerinden,

G=—sin(p)2 + cos(p)y = LT

_ r(=sin(p)X+cos(p)y)
r

_ —rsin(@)X+rcos(p)P

r

(—yx+xy)




F=cos(@)X + sin(p)y = (005(¢)9?41rsin(<p)37)

_ 1(cos(@)x+sin(@)P)
r

__rcos(p)X+rsin(p)y
T

_ (xx+yy)

X ~ y ~

X
Ve e

x A A\
=%+
T'x y

RIEIAS

e Rved (xy,z)ye bagldir:

x=Rsin(8)cos(¢)
y=Rsin(0)sin(¢)
z=Rcos(0)

sin(0)=~
cos(0)=£
.2 2 4T 2 z 2_
sin“(8) + cos (0)—1—(5) + (E) =>
r? + z2=R*=>
R=Vr? + 22



= \/(Rsin(@)cos((p)) 24 (Rsin(@)sin((p))2 + (Rcos(0))?

= J(Rsin(@)cos(¢)) 2 4+ (Rsin(@)sin(q)))2 + (Rcos(@))2

= J/R2(sin2(9) cos2(¢p) + sin2(0) sin?(¢) + cos?(H)

= JR2(sin2(9) (cos2(¢p) + sin?(¢p)) + cos2(H)

= J/R2(sin2(A) + cos2(8))

=R

A~

R=R-2)2+(R-9)9+(R-2)z

=sin(@)cos(@)x + sin(0)sin(p)y + cos(6)z

6=00-2)2+(0-9)9+(6-2)2

= cos(0)cos(p)x + cos(0)sin(p)y + cos(90 + 0)zZ



=]

x|

=)

N <

>
~)

xX+yy +2z2

- o

R-R

JOE +y9 +22) - (xR + ¥ + 22)

Vx2+y?+ 22

RR
P 0)
R
xX+yy+z2
R
R.sin6.cose
R.sin6.sing
R.cos@
_ o o XEAyItz
R
_ z, 'y,
Ry + Ry

= —cos0y + sinbsing?Z (1)



A, = AeX
Ay = Ae j\]
Az = i e A
A = (AeR)X+(AP)P+(4+2)2
A = 0 in cartesian unit vectors
i=6 - (0-R)%+(0-9)y+@-2)2
] R N T .
= (cosB.cosp)X + (cosO.sinp)y + (cos(z +6)z
0 = (cosB.cosp)X + (cosO.sing)y + (—sinf)z (2)
A=2%in spherical unit vectors
A=2 = (R*RR+(+0)0+@*®)®
= ~ i
= (sinB.cos@)R + (cosH.cosp)O + cos(E + @)
= (sinB.cos@)R + (cosh.cosp)8 + (—sing)P (A)
gxR = —sinf. 0 — cos6. cosp)P )
A= = @DX+ @Y+ (@2)2
cos (g + (p) X+ cos<p37+cos(§)2
—singXx + cospy+0z 4)
Insert (2) & (4)-> (3)=(1)
= —cosf. sing. cos@.X — cosf.sin*@.y +
XxR = . P . ~ 2
sinf.sing.Z+cosl.sing.cosp.X — cosf.cos*@.y
= —c0s6.Y + sinf.sing.Z (O +
gxR = —c0s6.y + sinf.sing. Z

= —sing. B — cosb. cose. 0]
See that £L@ExR
(xR =0



See that

= cosf@X — sinf.cos. Z ®)]

A= ¥ in spherical unit vectors
G-RR+(3-00+G-0p
(sinf.sing)R + (cosh.sing)O + cos(¢)P (B)
cos@. 8 — cosh. cos)P (6)
—singx + cospy+02 4)

(2) & (4) > (6)=(5)
cosf.cos?p.X + cosh. sing.cosp.y

—sinf. cos@. Z + cos6. sin@. X — cosb. sing. cosp. J
cosf.X — sinf.sing.z 6) T

c0s0.X — sinf.sing. 2

cos@p.0 — cos6. cosg. P
9L @xR)
y+@xR)=0
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Z in spherical unit vectors

cos6.R — sing.0 + cos(g)?p ©)
Use (2)
sin@.y + cosb.sing. Z (7
using (A):
sing. R + siné. cosp. (8)

(0) & (4) -> (8)=(7)

using (2) - (9)

—sinf.X — cosB.cosp.Z 9)
using (B) = (10)
—cos8.R + sinb. sing. (10)

(0) & (4) -> (10)=(9)
(A) & (C) -> (9)=(10)

using (2) - (11)

—c0s0.cos@.X + cosB.cosp.y (11)
using (2) - (12)
cos0.p (12)

(A) & (B) -> (11)=(12)
Insert (4) > (2)=(11)

Using RHR & (4)
cosp.Z
using (C):
cosBcosp. R — sinfcosp.0

Using RHR & (4)
sing.Z
using (C):
cosOsing. R — sinfsing. 0

t

Cylindrical <-> spherical unit vectors



7 xR _;{p Using (E)
V2 + 22
—c0s6. P
@ xR 0 Use RHR
Ao B r = Using
ZXR Vitrz (E)
= sinb.p
using RHR:
#x 0 sing. P (13a)
~ XX +yy
' Jx? +y?
X o Yy ~
X+ y
Jx2+y2 x2+y?
£ cos(p)X + sin(p)y (G)
x ~ ~
;X + - y
Use (A) & (B) >(G) =>
sinf.cos?@. R + cos6.cos2¢.0 — cosh.sing . P
r + sinf. sin?¢. R + cos6. sin%¢.0
— sinf.cos@. P
r sinf.R + cos6.0
£ \/(sin@.l’? + c0s6.0) « (sinf.R + cos6.0)
\/sinze.l’? e R+ c0s260.0 ¢80 + 2.5in6.R+ 0
1
0 sing. (13b)
A _p Use RHR
0 cos6.p <->(12)
z z
Vrz+z2 R
X 2 Use RHR
PXxP 0 Use RHR
2% 7 Use RHR



Gradyan (Skaler alanin Gradyan’):

7l yoni, (X,y,z) noktasinda pozisyona bagl bir skaler alan olan a(x,y,z) nin degisimin en

~0a(x,y,z)
an

fazla oldugu yonii ifade etmek iizere, Va(x,y,z) = A olarak hesaplanan vektorel alan,

skaler alan a’nin gradyamidir. (&, U, w) genel olarak dik koordinat sistemi olmak iizere,

(i, D, w) dairesel rotasyonuna gore, gradyan alttaki ifadelerle hesaplanir.

Genel
: TR
olarak  dik { 9 va( ) da(u,v,w) 1 aaA+ 1 aaA+ 1 da _
aur,w)=————= ——lU+——0V+——W
koordinat R / on h, ou L, 0V h,, ow
sistemi
da(x,y,z) 1 da 1 da 1 da
Va(x,y,z) =i—————= ———X+-——J +-——2
Kartezyen — on h, ox h, 0y , 0Z
. y
koordinat x A/
Z
sistemi va( )_Aaa(x,y,z)_ 16aA+16aA+16aA
Y2 = T 1ox Y "1y T19z°
va( ) da(r,@,z) 16aA+16aA+16aA
e e a(r,,z) =i——= ——F+——0+——2
Silindirik P on h, or h, ¢ h, 0z
koordinat & A/(p
. . yA
sistemi v _ Oa(r,p,z) 10a, 10a N 10a
a(r,p,z) =1 on “1or Trar? 7197
Va(R.0,0) = A(’)a(R,H,go)_ 1 aaA+ 1 6a§+ 1 da _
) g = hgoR  hg06  hy,dq
Kiiresel
lirese 2 :
koordinat \A / 0a(R,0,)
. : ¢ Va(R,0,9) = n—o
sistemi n
_10a 10a . 1 Oda _

= R+ g4y ——
1R "R36° " Rsin(@) a9 ?



