
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

İnifinitesimal alan büyüklüğü 

 

dsr= dlϕ.dlz = (hϕdϕ)(hzdz) 

 

dsϕ= dlr.dlz = (hrdr)(hzdz) 

 

dsz= dlr.dlϕ = (hrdr)(hϕdϕ) 

 

 

İnifinitesimal alan vektörü 

 

𝑑𝑠⃗⃗⃗⃗ 
𝑟= dsrr̂=dlϕ.dlzr̂ 

 

= (hϕdϕ)(hzdz) r̂ 

 

=(r.dϕ)(1.dz)r̂ 

 

𝑑𝑠⃗⃗⃗⃗ 
𝜑= dsϕφ̂=dlr.dlzφ̂ 

 

= (hrdr)(hzdz) φ̂ 

 

=(1.dr)(1.dz)φ̂ 

 

𝑑𝑠⃗⃗⃗⃗ 
𝑧= dszẑ=dlr.dlϕẑ 

 

= (hrdr)(hϕdϕ) ẑ 

 

=(1.dr)(r.dϕ)ẑ 

 

İnifinitesimal  hacim büyüklüğü 

 

dv= dlrdlϕdlz 

 

= (hrdr)(hϕdϕ)( hzdz) 

 

 

dv= dlrdlϕdlz 

 

= (1.dr)(r.dϕ)( 1.dz) 

 

=r.dr.dϕ.dz 

 



 

 

 

 

 

İnifinitesimal yer değiştirme vektörü 

𝑑𝑙⃗⃗  ⃗ = 𝑑𝑙⃗⃗  ⃗
𝑟+𝑑𝑙⃗⃗  ⃗

φ + 𝑑𝑙⃗⃗  ⃗
𝑧 

 

𝑑𝑙⃗⃗  ⃗= (hrdr)r̂ +( hϕdφ)φ̂+ (hzdz)ẑ 

 

𝑑𝑙⃗⃗  ⃗= (1.dr)r̂ +( 1.dφ)φ̂+ (1.dz)ẑ 

 

 

 

 

 

 

 

İnifinitesimal yer değiştirme vektörü 

𝑑𝑙⃗⃗  ⃗ = 𝑑𝑙⃗⃗  ⃗
𝑅+𝑑𝑙⃗⃗  ⃗

θ + 𝑑𝑙⃗⃗  ⃗
φ 

 

𝑑𝑙⃗⃗  ⃗= (hRdR)R̂ +( hθdθ)θ̂+ (hϕdφ)φ̂ 

 

𝑑𝑙⃗⃗  ⃗= (1.dR)R̂ +(R.dθ)θ̂+ (Rsin(θ).dφ)φ̂ 

 

 

 

 

 

Slindirik Koordinat Sistemi 

Eksen Metrik katsayı İnfinitesimal uzunluk 

r̂ hr = 1 dlr = hrdr=1.dr 

 

φ̂ hϕ = r dlϕ = hϕdϕ= r.dϕ 

 

ẑ hz = 1 dlz = hzdz= 1.dz 

 

Küresel Koordinat Sistemi 
Eksen Metrik katsayı İnfinitesimal uzunluk 

R̂ hR = 1 dlR = hRdR=1.Dr 

 
θ̂ hθ = R dlθ = hθdθ= R.dθ 

 
φ̂ hϕ  = 

= 

r 

Rsin(θ) 

dlϕ = hϕdϕ= r.dϕ 



 

 

 

 

 

 

İnifinitesimal alan vektörü 

𝑑𝑠⃗⃗⃗⃗ 
𝑅= dsRR̂=dlθ.dlϕ R̂= (hθdθ).(hϕdϕ) R̂=(R.dθ).(Rsin(θ).dϕ)R̂ 

 

𝑑𝑠⃗⃗⃗⃗ 
θ= dsθθ̂=dlR.dlϕθ̂= (hRdR).(hϕdϕ) θ̂=(1.dR).(Rsin(θ).dϕ)θ̂ 

 

𝑑𝑠⃗⃗⃗⃗ 
𝜑= dsϕφ̂=dlR.dlθφ̂= (hRdR).(hθdθ) φ̂=(1.dR).(R.dθ)φ̂ 

 

İnfinitesimal  hacim büyüklüğü 

dv= dlR dlθ dlϕ 

           = (hRdR) (hθdθ) (hϕdϕ) 

          = (1.dR) (R.dθ)(Rsin(θ).dϕ) 

          = R
2
.sin(θ).dR. dθ .dϕ 

 

 

 

 

 

 

 

Küresel Koordinat Sistemi 

 

İnifinitesimal alan büyüklüğü 

 

dsR=  dlθ dlϕ = (hθdθ).(hϕdϕ) 

 

dlθ = dlR. dlϕ  = (hRdR).(hϕdϕ )  

 

dsϕ = dlR. dlθ  = (hRdR).(hθdθ )  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 �̂�, x ve y bağlıdır 

 

 �̂�, z’ye bağlı değildir 

  

 �̂�, x ve y bağlıdır  

 

 �̂�, z’ye bağlı değildir 

 

x=rcos(ϕ), 

y=rsin(ϕ),  

 

r=√𝑥2 + 𝑦2  

 

 tan(𝜑)=y/x 

 

 

(i) ve (ii) denklemlerinden, 

 

�̂�=−𝑠𝑖𝑛(𝜑)𝑥 + 𝑐𝑜𝑠(𝜑)�̂� =
(−𝑠𝑖𝑛(𝜑)�̂�+𝑐𝑜𝑠(𝜑)�̂�)

1
  

 

= 
𝑟(−𝑠𝑖𝑛(𝜑)𝑥+𝑐𝑜𝑠(𝜑)�̂�)

𝑟
   

 

= 
−𝑟𝑠𝑖𝑛(𝜑)𝑥+𝑟𝑐𝑜𝑠(𝜑)�̂�

𝑟
 

 

= 
(−𝑦𝑥+𝑥�̂�)

√𝑥2+𝑦2
 

 

=−
𝑦

√𝑥2+𝑦2
�̂� + 

𝑥

√𝑥2+𝑦2
�̂� 

 

=−
𝑦

𝑟
�̂� + 

𝑥

𝑟
�̂� 

 

 

 

 

 

 
 
 



�̂�=𝑐𝑜𝑠(𝜑)�̂� + 𝑠𝑖𝑛(𝜑)�̂� =
(𝑐𝑜𝑠(𝜑)�̂�+𝑠𝑖𝑛(𝜑)�̂�)

1
  

 

= 
𝑟(𝑐𝑜𝑠(𝜑)𝑥+𝑠𝑖𝑛(𝜑)�̂�)

𝑟
   

 

= 
𝑟𝑐𝑜𝑠(𝜑)𝑥+𝑟𝑠𝑖𝑛(𝜑)�̂�

𝑟
 

 

= 
(𝑥𝑥+𝑦�̂�)

√𝑥2+𝑦2
 

 

=
𝑥

√𝑥2+𝑦2
�̂� + 

𝑦

√𝑥2+𝑦2
�̂� 

 

=
𝑥

𝑟
�̂� + 

𝑦

𝑟
�̂� 

 

 

 

 �̂� ve 𝜃 (x,y,z)’ye bağlıdır: 

 x=Rsin(𝜃)cos(𝜑) 

 

y=Rsin(𝜃)sin(𝜑) 

 

z=Rcos(𝜃)  

 

sin(𝜃)= 
𝑟

𝑅
   

 

cos(𝜃)= 
𝑧

𝑅
  

 

𝑠𝑖𝑛2(𝜃) + 𝑐𝑜𝑠2(𝜃)=1=(
𝑟

𝑅
)
2

+ (
𝑧

𝑅
)
2

=> 

 

 𝑟2 + 𝑧2=R
2 

=> 

 

 R=√𝑟2 + 𝑧2 

 

            =√𝑥2 + 𝑦2 + 𝑧2  



= √(Rsin(𝜃)cos(𝜑)) 2 + (Rsin(𝜃)sin(𝜑))
2
+ (Rcos(𝜃))2 

 

 = √(Rsin(𝜃)cos(𝜑)) 2 + (Rsin(𝜃)sin(𝜑))
2
+ (Rcos(𝜃))

2
 

 

= √𝑅2(sin2(𝜃) cos2(𝜑)+ sin2(𝜃) sin2(𝜑) + cos2(𝜃)  

 

= √𝑅2(sin2(𝜃) (cos2(𝜑)+ sin2(𝜑)) + cos2(𝜃)  

 

= √𝑅2(sin2(𝜃) + cos2(𝜃)) 

 

= 𝑅 

 

 

�̂� = (�̂� ∙ �̂�)�̂� + (�̂� ∙ �̂�)�̂� + (�̂� ∙ �̂�)�̂�  

 

                         = s𝑖𝑛(𝜃)cos(𝜑)�̂� + 𝑠𝑖𝑛(𝜃)sin(𝜑)�̂� + 𝑐𝑜𝑠(𝜃)�̂� 

 

 

 

𝜃 = (𝜃 ∙ �̂�)�̂� + (𝜃 ∙ �̂�)�̂� + (𝜃 ∙ �̂�)�̂� 

                                                   = 𝑐𝑜𝑠(𝜃)cos(𝜑)�̂� + 𝑐𝑜𝑠(𝜃)sin(𝜑)�̂� + 𝑐𝑜𝑠(90 + 𝜃)�̂� 

 

 

 

 

 

 

 

 

 

 



 

�⃗�  
= 𝑥�̂� + 𝑦�̂� + 𝑧�̂� 

 

R = √�⃗� ∙ �⃗�  
 

 
= √(𝑥�̂� + 𝑦�̂� + 𝑧�̂�) ∙ (𝑥�̂� + 𝑦�̂� + 𝑧�̂�) 

 

 = √𝑥2 + 𝑦2 + 𝑧2 
 

�⃗�  = 𝑅R̂ 
 

R̂ = 
�⃗� 

𝑅
 

(0) 

 
= 

𝑥�̂� + 𝑦�̂� + 𝑧�̂�

𝑅
 

 

x = 𝑅. 𝑠𝑖𝑛𝜃. 𝑐𝑜𝑠𝜑  

y = 𝑅. 𝑠𝑖𝑛𝜃. 𝑠𝑖𝑛𝜑  

z = 𝑅. 𝑐𝑜𝑠𝜃  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

x̂ x R̂ = �̂� × 
𝑥�̂� + 𝑦�̂� + 𝑧�̂�

𝑅
 

 

 =   −
𝑧

𝑅
�̂� +

𝑦

𝑅
�̂� 

 

 =   −𝑐𝑜𝑠𝜃�̂� + 𝑠𝑖𝑛𝜃𝑠𝑖𝑛𝜑�̂� (1) 



𝐴  = 𝐴𝑥𝑥 + 𝐴𝑦�̂� + 𝐴𝑧�̂� 
 

𝐴𝑥 = 𝐴 • �̂� 
 

𝐴𝑦 = 𝐴 • �̂� 
 

𝐴𝑧 = 𝐴 • �̂� 

 

𝐴  = (𝐴 • �̂�)�̂� + (𝐴 • �̂�)�̂� + (𝐴 • �̂�)�̂� 
 

    

  𝐴 = 𝜃 in cartesian unit vectors  

𝐴 = 𝜃 = (𝜃 • �̂�)�̂� + (𝜃 • �̂�)�̂� + (𝜃 • �̂�)�̂� 
 

𝜃 
= (𝑐𝑜𝑠𝜃. 𝑐𝑜𝑠𝜑)�̂� + (𝑐𝑜𝑠𝜃. 𝑠𝑖𝑛𝜑)�̂� + (cos (

𝜋

2
+ 𝜃)�̂� 

 

𝜃 = (𝑐𝑜𝑠𝜃. 𝑐𝑜𝑠𝜑)�̂� + (𝑐𝑜𝑠𝜃. 𝑠𝑖𝑛𝜑)�̂� + (−𝑠𝑖𝑛𝜃)�̂� (2) 

    

  𝐴 = �̂� in spherical unit vectors  

𝐴 = �̂� = (�̂� • �̂�)�̂� + (�̂� • �̂�)�̂� + (�̂� • �̂�)�̂�  

 = (𝑠𝑖𝑛𝜃. 𝑐𝑜𝑠𝜑)�̂� + (𝑐𝑜𝑠𝜃. 𝑐𝑜𝑠𝜑)�̂� + cos (
𝜋

2
+ 𝜑)�̂� 

 

 = (𝑠𝑖𝑛𝜃. 𝑐𝑜𝑠𝜑)�̂� + (𝑐𝑜𝑠𝜃. 𝑐𝑜𝑠𝜑)�̂� + (−sin𝜑)�̂� (A) 

x̂ x R̂ = −𝑠𝑖𝑛𝜃. 𝜃 − cos𝜃. cos𝜑)�̂� (3) 

    

𝐴 = �̂� = (�̂� • �̂�)�̂� + (�̂� • �̂�)�̂� + (�̂� • �̂�)�̂�  

  𝑐𝑜𝑠 (
𝜋

2
+ 𝜑) . �̂� + 𝑐𝑜𝑠𝜑�̂�+cos(

𝜋

2
)�̂�  

  −𝑠𝑖𝑛𝜑�̂� + 𝑐𝑜𝑠𝜑�̂�+0�̂� (4) 

    

Insert  (2) & (4) -> (3)=(1)  

x̂ x R̂ = 
−𝑐𝑜𝑠𝜃. 𝑠𝑖𝑛𝜑. 𝑐𝑜𝑠𝜑. �̂� − 𝑐𝑜𝑠𝜃. 𝑠𝑖𝑛2𝜑. �̂� +

𝑠𝑖𝑛𝜃. 𝑠𝑖𝑛𝜑. �̂�+𝑐𝑜𝑠𝜃. 𝑠𝑖𝑛𝜑. 𝑐𝑜𝑠𝜑. �̂� − 𝑐𝑜𝑠𝜃. 𝑐𝑜𝑠2𝜑. �̂� 

 

 = −𝑐𝑜𝑠𝜃. �̂� + 𝑠𝑖𝑛𝜃. 𝑠𝑖𝑛𝜑. �̂� (1) † 

    

x̂ x R̂ = −𝑐𝑜𝑠𝜃. �̂� + 𝑠𝑖𝑛𝜃. 𝑠𝑖𝑛𝜑. �̂�  

 = −𝑠𝑖𝑛𝜑. 𝜃 − cos𝜃. cos𝜑. �̂�  

See that  �̂� ⊥ (�̂� × �̂�)   

  �̂� • (�̂� × �̂�) = 0  

    

  �̂� ⊥ (�̂� × �̂�)   

  �̂� • (�̂� × �̂�) = 0  

 



 

 

 

 

 

    

  𝐴 = �̂� in spherical unit vectors  

𝐴 = �̂� = (�̂� • �̂�)�̂� + (�̂� • �̂�)�̂� + (�̂� • �̂�)�̂�  

 = (𝑠𝑖𝑛𝜃. 𝑠𝑖𝑛𝜑)�̂� + (𝑐𝑜𝑠𝜃. 𝑠𝑖𝑛𝜑)�̂� + cos (𝜑)�̂� (B) 

ŷ x R̂ = 𝑐𝑜𝑠𝜑. �̂� − cos𝜃. cos𝜑)�̂� (6) 

    

𝐴 = �̂� = −𝑠𝑖𝑛𝜑�̂� + 𝑐𝑜𝑠𝜑�̂�+0�̂� (4) 

Insert  (2) & (4) -> (6)=(5)  

ŷ x R̂ = 
𝑐𝑜𝑠𝜃. 𝑐𝑜𝑠2𝜑. �̂� + 𝑐𝑜𝑠𝜃. 𝑠𝑖𝑛𝜑. 𝑐𝑜𝑠𝜑. �̂� 

−𝑠𝑖𝑛𝜃. 𝑐𝑜𝑠𝜑. �̂� + 𝑐𝑜𝑠𝜃. 𝑠𝑖𝑛2𝜑. 𝑥 − 𝑐𝑜𝑠𝜃. 𝑠𝑖𝑛𝜑. 𝑐𝑜𝑠𝜑. �̂� 

 

 = 𝑐𝑜𝑠𝜃. �̂� − 𝑠𝑖𝑛𝜃. 𝑠𝑖𝑛𝜑. �̂� (6) † 

    

ŷ x R̂ = 𝑐𝑜𝑠𝜃. �̂� − 𝑠𝑖𝑛𝜃. 𝑠𝑖𝑛𝜑. �̂�  

 = 𝑐𝑜𝑠𝜑. �̂� − cos𝜃. cos𝜑. �̂�  

See that  �̂� ⊥ (�̂� × �̂�)   

  �̂� • (�̂� × �̂�) = 0  

    

  �̂� ⊥ (�̂� × �̂�)   

  �̂� • (�̂� × �̂�) = 0  

 

 

 

 

 

 

 

 

ŷ x R̂ = �̂� × 
𝑥�̂� + 𝑦�̂� + 𝑧�̂�

𝑅
 

 

 =   𝑧

𝑅
�̂� −

𝑥

𝑅
�̂� 

 

 =   𝑐𝑜𝑠𝜃�̂� − 𝑠𝑖𝑛𝜃. 𝑐𝑜𝑠𝜑. �̂� (5) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R̂ =   
𝑥�̂� + 𝑦�̂� + 𝑧�̂�

𝑅
  

ẑ x R̂ = �̂� × 
𝑥�̂� + 𝑦�̂� + 𝑧�̂�

𝑅
  

 =   −
𝑦

𝑅
�̂� +

𝑥

𝑅
�̂�  

      

r  
= 

 
  

𝑥�̂� + 𝑦�̂� 
 

 

r =   √𝑥2 + 𝑦2  

�̂� =   
r 

𝑟
  

�̂� =   
𝑥�̂� + 𝑦�̂�

√𝑥2 + 𝑦2
  

r  =   𝑟�̂�  

r  =   √𝑥2 + 𝑦2.
𝑥�̂� + 𝑦�̂�

√𝑥2 + 𝑦2
  

      

�⃗�     𝑥�̂� + 𝑦�̂� + 𝑧�̂�  

R    √𝑥2 + 𝑦2 + 𝑧2  

    √𝑟2 + 𝑧2 (F) 

R̂ =   
r + 𝑧�̂�

𝑅
  

R̂ =   
𝑟�̂� + 𝑧�̂�

𝑅
  

R̂ =   
𝑟�̂� + 𝑧�̂�

√𝑟2 + 𝑧2
 (E) 

ẑ x R̂ =   �̂� ×
𝑟�̂� + 𝑧�̂�

√𝑟2 + 𝑧2
 (5) 

 =   
𝑟

√𝑟2 + 𝑧2
�̂�  

 =   sin𝜑. �̂� (E) 



 

 

  Cylindrical <-> spherical unit vectors  

    

  𝐴 = �̂� in spherical unit vectors  

𝐴 = �̂� = (�̂� • �̂�)�̂� + (�̂� • �̂�)�̂� + (�̂� • �̂�)�̂�  

 = 𝑐𝑜𝑠𝜃. �̂� − 𝑠𝑖𝑛𝜃. �̂� + cos (
𝜋

2
)�̂� 

(C) 

    

  Use (2)  

x̂ x �̂� = 𝑠𝑖𝑛𝜃. �̂� + 𝑐𝑜𝑠𝜃. 𝑠𝑖𝑛𝜑. �̂� (7) 

  using (A):   

x̂ x �̂� = 𝑠𝑖𝑛𝜑. �̂� + 𝑠𝑖𝑛𝜃. 𝑐𝑜𝑠𝜑. �̂� (8) 

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

    

  using (2) → (9)  

ŷ x �̂� = −𝑠𝑖𝑛𝜃. �̂� − 𝑐𝑜𝑠𝜃. 𝑐𝑜𝑠𝜑. �̂� (9) 

  using (B) → (10)  

ŷ x �̂� = −𝑐𝑜𝑠𝜃. �̂� + 𝑠𝑖𝑛𝜃. 𝑠𝑖𝑛𝜑. �̂� (10) 

    

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

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

    

  using (2) → (11)  

ẑ x �̂� = −𝑐𝑜𝑠𝜃. 𝑐𝑜𝑠𝜑. �̂� + 𝑐𝑜𝑠𝜃. 𝑐𝑜𝑠𝜑. �̂� (11) 

  using (2) → (12)  

ẑ x �̂� = 𝑐𝑜𝑠𝜃. �̂� (12) 

    

  (A) & (B) -> (11)=(12)  

  Insert (4) -> (2)=(11)  

    

  Using RHR & (4)  

x̂ x �̂� = 𝑐𝑜𝑠𝜑. �̂�  

  using (C):   

x̂ x �̂� = 𝑐𝑜𝑠𝜃𝑐𝑜𝑠𝜑. �̂� − 𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜑. �̂�  

    

  Using RHR & (4)  

ŷ x �̂� = 𝑠𝑖𝑛𝜑. �̂�  

  using (C):   

ŷ x �̂� = 𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜑. �̂� − 𝑠𝑖𝑛𝜃𝑠𝑖𝑛𝜑. �̂�  

    

ẑ x �̂� = r̂  



�̂� × �̂� = −
𝑧

√𝑟2 + 𝑧2
. �̂� 

Using (E) 

 = −𝑐𝑜𝑠𝜃. �̂�  

    

�̂� × �̂� = 𝜃 Use RHR 

    

�̂� × �̂� = 
𝑟

√𝑟2 + 𝑧2
. �̂� 

Using 

(E) 

 = 𝑠𝑖𝑛𝜃. �̂�  

    

  using RHR:   

r̂ x �̂� = 𝑠𝑖𝑛𝜃. �̂� (13a) 

    

r̂ = 
𝑥�̂� + 𝑦�̂�

√𝑥2 + 𝑦2
 

 

 = 
𝑥

√𝑥2 + 𝑦2
�̂� +

𝑦

√𝑥2 + 𝑦2
�̂� 

 

r̂ = 𝑐𝑜𝑠(𝜑)�̂� + 𝑠𝑖𝑛(𝜑)�̂� (G) 

 = 
𝑥

𝑟
�̂� +

𝑦

𝑟
�̂� 

 

    

  Use (A) & (B) ->(G) =>  

r̂ = 

𝑠𝑖𝑛𝜃. 𝑐𝑜𝑠2𝜑. �̂� + 𝑐𝑜𝑠𝜃. 𝑐𝑜𝑠2𝜑. �̂� − 𝑐𝑜𝑠𝜃. sin𝜑 . �̂�
+ 𝑠𝑖𝑛𝜃. 𝑠𝑖𝑛2𝜑. �̂� + 𝑐𝑜𝑠𝜃. 𝑠𝑖𝑛2𝜑. �̂�
− 𝑠𝑖𝑛𝜃. 𝑐𝑜𝑠𝜑. �̂� 

 

r̂ = 𝑠𝑖𝑛𝜃. �̂� + 𝑐𝑜𝑠𝜃. �̂�  

    

√r̂ • r̂ = √(𝑠𝑖𝑛𝜃. �̂� + 𝑐𝑜𝑠𝜃. �̂�) • (𝑠𝑖𝑛𝜃. �̂� + 𝑐𝑜𝑠𝜃. �̂�) 
 

 = √𝑠𝑖𝑛2𝜃. �̂� • �̂� + 𝑐𝑜𝑠2𝜃. �̂� • �̂� + 2. 𝑠𝑖𝑛𝜃. �̂� • �̂� 
 

 = 1  

    

r̂ x �̂� = 𝑠𝑖𝑛𝜃. �̂� (13b) 

�̂� x �̂� = −�̂� Use RHR 

�̂� x �̂� = 𝑐𝑜𝑠𝜃. �̂� <->(12) 

cos (𝜃) = 
𝑧

√𝑟2 + 𝑧2
=

𝑧

𝑅
 

 

    

�̂� × �̂� = �̂� Use RHR 

�̂� × �̂� = 0 Use RHR 

�̂� × �̂̂� = �̂� Use RHR 

 

 
  

 

    



Gradyan (Skaler alanın Gradyan’ı): 

�̂� yönü, (x,y,z) noktasında pozisyona bağlı bir skaler alan olan 𝛼(𝑥, 𝑦, 𝑧)’nın değişimin en 

fazla olduğu yönü ifade etmek üzere, ∇α(𝑥, 𝑦, 𝑧) = �̂�
𝜕𝛼(𝑥,𝑦,𝑧)

𝜕𝑛
 olarak hesaplanan vektörel alan, 

skaler alan 𝛼’nın gradyanıdır. (�̂�, 𝑣, �̂�) genel olarak dik koordinat sistemi olmak üzere, 

(�̂�, 𝑣, �̂�) dairesel rotasyonuna göre, gradyan alttaki ifadelerle hesaplanır. 

Genel 

olarak dik 

koordinat 

sistemi 

 

∇𝛼(𝑢, 𝑣, 𝑤) = �̂�
𝜕𝛼(𝑢, 𝑣, 𝑤)

𝜕𝑛
=  

1

ℎ𝑢

𝜕𝛼

𝜕𝑢
�̂� +

1

ℎ𝑣

𝜕𝛼

𝜕𝑣
𝑣 +

1

ℎ𝑤

𝜕𝛼

𝜕𝑤
�̂� 

Kartezyen 

koordinat 

sistemi  

∇𝛼(𝑥, 𝑦, 𝑧) = �̂�
𝜕𝛼(𝑥, 𝑦, 𝑧)

𝜕𝑛
=  

1

ℎ𝑥

𝜕𝛼

𝜕𝑥
�̂� +

1

ℎ𝑦

𝜕𝛼

𝜕𝑦
�̂� +

1

ℎ𝑧

𝜕𝛼

𝜕𝑧
�̂� 

 

∇𝛼(𝑥, 𝑦, 𝑧) = �̂�
𝜕𝛼(𝑥, 𝑦, 𝑧)

𝜕𝑛
=  

1

1

𝜕𝛼

𝜕𝑥
�̂� +

1

1

𝜕𝛼

𝜕𝑦
�̂� +

1

1

𝜕𝛼

𝜕𝑧
�̂� 

Silindirik 

koordinat 

sistemi  

∇𝛼(𝑟, 𝜑, 𝑧) = �̂�
𝜕𝛼(𝑟, 𝜑, 𝑧)

𝜕𝑛
=  

1

ℎ𝑟

𝜕𝛼

𝜕𝑟
�̂� +

1

ℎ𝜑

𝜕𝛼

𝜕𝜑
�̂� +

1

ℎ𝑧

𝜕𝛼

𝜕𝑧
�̂� 

 

∇𝛼(𝑟, 𝜑, 𝑧) = �̂�
𝜕𝛼(𝑟, 𝜑, 𝑧)

𝜕𝑛
=  

1

1

𝜕𝛼

𝜕𝑟
�̂� +

1

𝑟

𝜕𝛼

𝜕𝑟
�̂� +

1

1

𝜕𝛼

𝜕𝑧
�̂� 

Küresel 

koordinat 

sistemi  

∇𝛼(𝑅, 𝜃, 𝜑) = �̂�
𝜕𝛼(𝑅, 𝜃, 𝜑)

𝜕𝑛
=  

1

ℎ𝑅

𝜕𝛼

𝜕𝑅
�̂� +

1

ℎ𝜃

𝜕𝛼

𝜕𝜃
𝜃 +

1

ℎ𝜑

𝜕𝛼

𝜕𝜑
�̂� 

 

∇𝛼(𝑅, 𝜃, 𝜑) = �̂�
𝜕𝛼(𝑅, 𝜃, 𝜑)

𝜕𝑛

=  
1

1

𝜕𝛼

𝜕𝑅
�̂� +

1

𝑅

𝜕𝛼

𝜕𝜃
𝜃 +

1

𝑅𝑠𝑖𝑛(𝜃)

𝜕𝛼

𝜕𝜑
�̂� 

 

 

ŵ 

v̂ 

 

û 

 
ŷ 

ẑ 

x̂ 

 

ẑ 

φ̂ 

 

r̂ 

 
θ̂ 

 

R̂ 

φ̂ 

 

ŵ 

v̂ 

 

û 


