- 2=% - © =c0s(90+0)=-sin(0)

D

$ - 2=2 - § =c0s(90)=0

Silindirik-Kiiresel

- R=R - t=c0s(90-0)=sin(0)

-

@ - R=R - $=c0s(90)=0

2 - R=R - 2 =cos(0)

-0=0 - = cos(0)

-

® - 0=0 - ® = cos(90)=0

2+ 8=0 - 2 =cos(90+ 0)=-sin(0)

* T=c0s(90)=0

-
'?)
©)

- =0 - @ =cos(0)=1

©)

Herhangi bir koordinat sisteminde (kaynak) ifade edilmis bir vektoriin baska koordinat

sisteminde (hedef) ifade edilmesi i¢in gereken bilesenler, kaynak vektoriiniin hedef koordinat

sistemindeki birim vektdrler ile nokta ¢arpimindan bulunur.

A=A+ A,§+ A,Z (Kaynak olsun)

A=A, 0+ A9+ AW (Hedef olsun)

A=A -i= (AR+ A9+ A2) 0



Ay = AR 0) + Ay -0) + A2 0)

A~A-9= (A R+ A9+ A2) ¥

Ay = AR D)+ A,F D)+ A2 9)

Ay=A-W= (A& + A+ A2)-W

Ay = AR W) + A, (5 R) + A2 )

A=A,&+ A,§+ A,Z (Kaynak olsun)

A=A, P+ A,p+ A2 (Hedef olsun)

A, =A-R= (A &R+ A9+ A2) ¢
A=A D+ AGF D+ AED
A= Ax(cos((p)) + Ay(sin((p))+ A,(cos(90))

A= AX(cos((p)) + Ay(sin(cp))

Ap=A-§= (A K+ A9+ A2) 9
Ay = AyX-9)+ Ay(y @)+ A (Z-P)
A, = A,(cos(90¢))+A,(cos(¢))+A,(cos(90))

A, = Ay(—sin(g)) + Ay(cos(¢))

A, =A-2= (AR+ AF+ A2) 2=A,2- 2=A,



A, = AR2)+ A2+ A, (22)

A, = Ay(cos(90))+Ay(cos(90))+A,(cos(0))= A,

A=A+ A,§+ A,Z (Kaynak olsun)

A=AgR+ AgB+ A, (Hedef olsun)

AR=A-R= (A% + A9+ A2) - R=A,&-R) + A,(9-R) + A,(Z-R)

Ar=A4(sin(0)cos(¢)) + A,(sin(0)sin(¢)) + A,(cos(0))

Ag=A-0= (A% + A9+ A2)-0=A&-8) + A,(F-0) + A,(2-0)
Ag=Ax(cos(®)cos(@)) + Ay(cos(®)sin(@)) + A,(cos(90 + 6))

A9=Ax(cos(9)cos((p)) + Ay(cos(e)sin((p)) + A,(—sin(0))

Ago:K = (AXSa + Ays\’ + Azi) P=AX9) + Ay(i\’ "P)+ A(Z-9)
A¢=Ax(cos(90 + (p)) + Ay(cos(cp)) + A,(cos(90))

Aq,:AX(—sin((p)) + Ay(cos((p)) + A,(0) ZAQZAX(—sin(cp)) + Ay(cos((p))

A=A+ A,p+ A,Z (Kaynak olsun)

A=AgR+ A0+ A, (Hedef olsun)

AR=A-R= (Af+ Ap® + A,2) - R=A(F-R) + A,(@R) + A, (2 R)

ARzAr(cos(9O - 9)) + Aq,(cos(90)) + A,(cos(0)) = Ar(sin(G)) + A,(cos(0))



A=A 8= (Af+ Aph + A2) 0=A(F-8) + A (§-0) + A,(2-0)

Ag=A,(cos(8)) + A(p(cos(90)) + A,(cos(90 + 8)) = A.(cos(8)) + A,(—sin(6))

A=K 9= (AF+ Ap®+ A2) §=A(F-9) + Ap($-0) + A,(2-0)
A¢=Ar(cos(90)) + Ay (cos(0)) + A,(cos(90))

Ap=Ar(0) + Au(D) +A,(0)=A

Genel olarak dik koordinat sistemlerinde metrik katsayilar:

R=(R-a)a+ (R-9)0+ (R- W)W = cos()il + cos(B)D + cos(y)W

oR oR R R oR
% = huu => % = |huu| = |hu||u| = |hu|1 = hu = E

oR R oR R R oR

%zhvv => kB = |h,D| = |h[IP] = |hy|. 1 = hy = v
oR R R R oR
% hWW > a_ = |hWW| = |hW||W| = |hw|1 = hw = ﬁ

Kartezyen koordinat sisteminde metrik katsayilar:
R=(R-2)z+(R-9)y+(R-2)z

R= Rsin(0)cos(¢@)X + Rsin(B)cos(@)y + Rcos(0)Z2 = xX +yy +zZ = R



Bu incelemede ve altta diger koordinat sistemlerinde (silindirik ve kiiresel koordinat
sisteminde) metrik katsayilar1 bulurken, {ic boyutlu uzaya dair pozisyon vektoriinii (13)
kartezyen koordinat sisteminin birim vektorleri cinsinden yani X,  ve Z yazacagiz. Bundaki

amag, X, ¥ ve Z’nin sabit vektorler olmasi ve herhangi bir degiskene gore tiirevlerinin sifir

vermesidir:

@lm
I
Il
S
|
Q
<
|
=)

0z 0z 02 02 0z 0z 0z
dax ady 0z Jar o OR 20

20, L£0,2=0

d d d
L0, 2#0,=2=0

0x dy 0z
or or or
ar_O’ acp#:o’az_o

9% _0,2%0%2=0

o7 a? la
oR a0’ 0p






oR ) . oR
o | = Pl = IhelIZ] = el 1= by = |

OR _0(x2+yp+z2) 0(x%)

or _ =18 =h® =
e p e X =hX=>
oR =h., =1
ax| T *
oR ~
E:hyy =>
oR R . oR
@ = |hyy|= |hy||y|= |hy|'1=hy= @
OR 0(xx+vy+2z2) 9(vP
OR _0(xx+yy +22) _ (yy)=1y=hy9=>
dy dy dy
oR =h,=1
ady y
oR X
Ezhzz =>
oR ) ) oR
5| = 1ha2l = Ih|2] = |h,|.1 = b, = |



OR 0(xx+yy+22) 08(z2) . X
P p =, =1Z=h,z =>

0z
Silindirik koordinat sisteminde metrik katsayilar:

= h,=1

R=R-?)r+(R-9)p+(R-2)z

=>
Il

-+ F-Py+(F-2)2
= cos(p)x + sin(p)y + cos(90)2

= cos(p)x + sin(@)y

r7 = rcos(@)X + rsin(@)y @)

=
I

@ (@-DX+(@-9)Y+(9-2)2
= cos(90 + @)X + sin(p)y + cos(90) 2
= —sin(@p)x + cos(p)y
@ = —sin(@)X + cos(p)y (i)
R = Rcos(90 — 8)7 + Rcos(90)p + Rcos(0)2Z2

= Rsin(0)7 + 0 + Rcos(0)Z



=1}

= T+ z2
= r(cos(@p)x + sin(@)y) + z2

= rcos(@)x + rsin(@p)y + zz

oR R

E=hrr =>
oR ) ) oR
=| = 1l = Ihellf) = IRyl 1 = Ry = | =

oR B d(rcos(p)x + rsin(p)y + z2)
or ar

= cos(p)X + sin(p)y = h, 7 =>

oR

E = h, =>

oR o A
3 = |cos(@)x + sin(@)P|

=/ (cos(@)x + sin(9)P) - (cos(@)Z + sin(9)P)

= /(cos(9)2 - cos(p)% + sin(@)P - sin(p)P)

= cos2(p) + sin?(p)

(iii)

(iv)



OR _
dp

A~

hy,®

— o4

oR
= |hy®| = |hy|I®] = |hy|. 1 =h, =

op

oR _ 0(rcos(p)R + rsin(p)y + z2)
dp dg

= r(—sin(@p)x + rcos(p)P)

oR
|%‘ = |r(—sin(p)x + cos(@))|

= Jr(=sin(@)z + cos(9)P) - r(—sin(p)% + cos()P)

R
‘% = Jr(=sin(@))z - r(—sin(p))x + rcos(p)y - rcos(p)y

= \/rz(cosz((p) + sin?(¢p))



aﬁ‘

OR) bl = o ll2] = b1 = h, =
az| — A T = 1L L =0 = 5

oR _ 9(rcos(p) + rsin(p)y + z2)
0z 0z

B d2(z2)
T 9z

=12 =h,2 =>

oR R X R
1= [12] = 1 = |h, 2| = |h,|12] = h,. 1 =>

h,=1



Kiiresel koordinat sisteminde metrik katsayilar:

R=(R-R)R+(R-8)8+ (R 9)p
R=(R-2)2+[R-9)9+ (R 2)2

= sin(0)cos(p)x + sin(8)sin(p)y + cos(6)2

R=RR=

R = Rsin(6)cos(¢)% + Rsin(6)sin(p)y + Rcos(0)2 v)

oR R n oR

oR _ 9(Rsin(0) cos(p) X + Rsin(0) sin(p) § + Rcos(6)2)
oR oR

= sin(0) cos(@) £ + sin(0) sin(@) y + cos(8)2 = hxkR =>

—

OR

ar| = Pr

= \/sin(H) cos(p) X - sin(8) cos(p)x + sin(0) sin(@)y - sin(08) sin(p)y + cos(8)Z - cos(6)z

= \/sinz(e)cosz(go) + sin?(0)sin?(¢) + cos?(0)



= \/sin2(0)(cos2(¢) + sinZ(p)) + cos2(H)

= \/sinZ(H) + cos?(0) =1=hy

aﬁ—hé—>
ag ~ 7

R _ A R
0 = |h99| = |h9||9| = |hg|.1 = hy = 38

oR B d(Rsin(0) cos(p) X + Rsin(6) sin(¢) ¥ + Rcos(0)2)
96 26

-

OR ~
30 = Rcos(0) cos(¢p) X + Rcos(8) sin(p) y + (—sin(8)2) = hyf =>

aﬁ_h
ag|

Rcos(0) cos(¢p) X - Rcos(0) cos(p)x
= [+Rcos(60) sin(p)y - Rcos(0) sin(p)y
+R(—sin(6))z - R(—sin(9))z

= \/chosz(e)cosz(ga) + R?cos?(0)sin?(p) + R?cos?(0)

= /R2cos2(8)(cos?(¢p) + sin2(p)) + R2sin2(0)

= /R%c0s2(8) + R2sin%(0) =R=hy



—

OR

op

—

oR
op

= |h<p¢’| = |h<p||‘/A’| = |h<p|'1 =hy, =

oR B d(Rsin(0) cos(p) X + Rsin(0) sin(¢) ¥ + Rcos(0)2)
dp do

= Rsin(0) (—sin(@)) X + Rsin(08) cos(p) y + 02

R oR
=h, => 30l = h,

‘3—5)’ = |Rsin(0) (—sin(¢)) X + Rsin(6) cos(p) V|

= \/[Rsin(G) (—sin(@)) X + Rsin(0) cos(p) y] - [Rsin(6) (—sin(p)) X + Rsin(0) cos(p) y]

-

OR

o

= \/Rsin(e)(—sin(q))))? Rsin(0)(—sin(g))X + Rsin(6)cos(@)y - Rsin(8)cos(p)y

= Jstinz(H)(cosz(¢) + sinz((p)) = ‘g—(};

= JR?%sin?(6).1 = h, = Rsin(0)



Kartezyen Koordinat Sistemi

Eksen Metrik katsay1 Infinitesimal uzunluk
b'¢ hy=1 dlx = hydx=1.dx
i hy = dly = h,dy=1.dy
Z h,=1 dl,=h,dz=1.dz

Inifinitesimal yer degistirme vektorii

_ - - =

dl = dl,+dl, + di,
di= (h,dx)R +( hydy)§+ (h,dz)2

di= (1.dx)% +( 1.dy)§+ (1.dz)2

Kartezyen Koordinat Sistemi

Inifinitesimal alan biiyiikliigii
dsy= dly.dl, = (hydy)(h,dz)
ds,= dl,.dI, = (hydx)(h,dz)

ds,= dl.dly = (hdx)(h,dy)

Inifinitesimal alan vektorii
ds,= ds,&=dl,.dl, 2= (h,dy)(h,dz) %=(1.dy)(1.dz) &
ds,= ds,§=dl,.dl, §= (hydx)(h,dz) §=(1.dx)(1.dz) §

ds,= ds;2=dly.dly2= (hdx)(hydy) 2=(1.dx)(1.dz)

Inifinitesimal hacim biiyiikliigii

dv= dl,dl,dl,= (hdx)(h,dy)( h,dz)

dv= dldlydl,= (1.dx)(1.dy)( 1.dz)=(dx.dy.dz)

Silindirik Koordinat Sistemi



