
𝑀𝑧 = ∬ (𝑥𝑇𝑦
𝑛 − 𝑦𝑇𝑥

𝑛)
𝑅

𝑑𝑥𝑑𝑦 = 𝑇 

∬ 𝑇𝑥
𝑛

𝑅

𝑑𝑥𝑑𝑦 = ± ∬ 𝜏𝑥𝑧
𝑅

𝑑𝑥𝑑𝑦 = ± ∬
𝜕𝜙

𝜕𝑦𝑅

𝑑𝑥𝑑𝑦 

𝑇 = ∬ (𝑥𝑇𝑦
𝑛 − 𝑦𝑇𝑥

𝑛)
𝑅

𝑑𝑥𝑑𝑦 = − ∬ (𝑥
𝜕𝜙

𝜕𝑥
+ 𝑦

𝜕𝜙

𝜕𝑦
)

𝑅

𝑑𝑥𝑑𝑦 

∬ 𝑥
𝜕𝜙

𝜕𝑥𝑅

𝑑𝑥𝑑𝑦 = ∬
𝜕

𝜕𝑥
(𝑥𝜙)

𝑅

𝑑𝑥𝑑𝑦 − ∬ 𝜙𝑑𝑥𝑑𝑦
𝑅

 

= ∮ 𝑥𝜙𝑛𝑥
𝑠

𝑑𝑠 − ∬ 𝜙𝑑𝑥𝑑𝑦
𝑅

 

∬ 𝑦
𝜕𝜙

𝜕𝑦𝑅

𝑑𝑥𝑑𝑦 = ∬
𝜕

𝜕𝑦
(𝑦𝜙)

𝑅

𝑑𝑥𝑑𝑦 − ∬ 𝜙𝑑𝑥𝑑𝑦
𝑅

 

= ∮ 𝑦𝜙𝑛𝑦
𝑠

𝑑𝑠 − ∬ 𝜙𝑑𝑥𝑑𝑦
𝑅

 

(
𝜕𝑤

𝜕𝑥
− 𝑦𝛽) 𝑛𝑥 + (

𝜕𝑤

𝜕𝑦
+ 𝑥𝛽) 𝑛𝑦 = 0 

𝜕𝑤

𝜕𝑥

𝑑𝑥

𝑑𝑛
+

𝜕𝑤

𝜕𝑦

𝑑𝑦

𝑑𝑛
= 𝛽 (𝑥

𝑑𝑥

𝑑𝑠
+ 𝑦

𝑑𝑦

𝑑𝑠
) 

𝑑𝑤

𝑑𝑛
=

𝛽

2
𝑑

𝑑𝑠
(𝑥2 + 𝑦2) 

𝑇 = 𝐺 ∬ (𝛽(𝑥2 + 𝑦2) + 𝑥
𝜕𝑤

𝜕𝑦
− 𝑦

𝜕𝑤

𝜕𝑥
)

𝑅

𝑑𝑥𝑑𝑦 

𝐽 = 𝐺 ∬ (𝑥2 + 𝑦2 +
𝑥

𝛽

𝜕𝑤

𝜕𝑦
−

𝑦

𝛽

𝜕𝑤

𝜕𝑥
)

𝑅

𝑑𝑥𝑑𝑦 

𝜎𝑟 =
𝐸

1 − 𝑣2 [𝜀𝑟 + 𝑣𝜀𝜃 − (1 + 𝑣)𝑘𝑇]  

𝜎𝜃 =
𝐸

1 − 𝑣2 [𝑣𝜀𝑟 + 𝜀𝜃 − (1 + 𝑣)𝑘𝑇] 

𝜏𝑟𝜃 =
𝐸

2(1 + 𝑣)
𝛾𝑟𝜃 



𝜀𝑧 = −
𝐸

1 − 𝑣2 [𝑣(𝜀𝑟 + 𝜀𝜃) − (1 + 𝑣)𝑘𝑇] 

𝑒 = 𝜀𝑟 + 𝜀𝜃 + 𝜀𝑧 =
𝐸

1 − 𝑣
[(1 − 2𝑣)(𝜀𝑟 + 𝜀𝜃) + (1 + 𝑣)𝑘𝑇] 

𝜎𝑧 = 𝜏𝑟𝑧 = 𝜏𝜃𝑧 = 𝛾𝑟𝑧 = 𝛾𝜃𝑧 = 0 

∇2(𝜎𝑟 + 𝜎𝜃) + 𝐸∇2(𝑘𝑇) + (1 + 𝑣) (
𝜕𝐵𝑟

𝜕𝑟
+

1
𝑟

𝐵𝑟 +
1
𝑟

𝜕𝐵𝜃

𝜕𝜃
) = 0 

𝜎𝑥 + 𝜎𝑦 =
𝜕2𝐹

𝜕𝑥2 +
𝜕2𝐹

𝜕𝑦2 =
𝜕2𝐹

𝜕𝑟2 +
1
𝑟

𝜕𝐹

𝜕𝑟
+

1
𝑟2

𝜕2𝐹

𝜕𝜃2  

𝜎𝑟 + 𝜎𝜃 =
𝜕2𝐹

𝜕𝑟2 +
1
𝑟

𝜕𝐹

𝜕𝑟
+

1
𝑟2

𝜕2𝐹

𝜕𝜃2  

𝐹 = 𝐴0 log 𝑟 + 𝐵0𝑟2 + 𝐶0𝑟2 log 𝑟 + 𝐷0𝑟2𝜃 + 𝐴0
′ 𝜃 

𝐴1

2
𝑟𝜃 𝑠𝑖𝑛𝜃 + (𝐵1𝑟3 + 𝐴1

′ 𝑟−1 + 𝐵1
′𝑟 log 𝑟)𝑐𝑜𝑠𝜃 

−
𝐶1

2
𝑟𝜃 𝑐𝑜𝑠𝜃 + (𝐷1𝑟3 + 𝐶1

′𝑟−1 + 𝐷1
′𝑟 log 𝑟)𝑠𝑖𝑛𝜃 

+ ∑(𝐴𝑛𝑟𝑛 + 𝐵𝑛𝑟𝑛+2 + 𝐴𝑛
′ 𝑟−𝑛 + 𝐵𝑛

′ 𝑟−𝑛+2)

∞

𝑛=2

𝑐𝑜𝑠 𝑛𝜃 

+ ∑(𝐶𝑛𝑟𝑛 + 𝐷𝑛𝑟𝑛+2 + 𝐶𝑛
′ 𝑟−𝑛 + 𝐷𝑛

′ 𝑟−𝑛+2)

∞

𝑛=2

𝑠𝑖𝑛 𝑛𝜃 

(
𝑑2

𝑑𝑟2 +
1
𝑟

𝑑

𝑑𝑟
) (

𝑑2𝐹

𝑑𝑟2 +
1
𝑟

𝑑𝐹

𝑑𝑟
) = 0 

1
𝑟

𝑑

𝑑𝑟
{𝑟

𝑑

𝑑𝑟
[
1
𝑟

𝑑

𝑑𝑟
(𝑟

𝑑𝐹

𝑑𝑟
)]} = 0 

𝐽(𝑟) =
1
𝑟2 ∫ 𝜉2

𝑟

𝑟0

Θ(𝜉)𝑑𝜉 

𝜀𝑟 =
𝜕𝑢

𝜕𝑟
=

1
𝐸

𝜎𝑟 −
𝑣

𝐸
𝜎𝜃 

𝜀𝜃 =
𝑢

𝑟
+

1
𝑟

𝜕𝑣

𝜕𝜃
=

1
𝐸

𝜎𝜃 −
𝑣

𝐸
𝜎𝑟 



𝛾𝑟𝜃 =
1
𝑟

𝜕𝑢

𝜕𝜃
+ 𝑟

𝜕

𝜕𝑟
(

𝑣

𝑟
) =

2(1 + 𝑣)

𝐸
𝜏𝑟𝜃 

𝑢(𝑟, 𝜃) = −
1 + 𝑣

𝐸

𝐶

𝑟
+

1 − 𝑣

2𝐸
𝐴𝑟 log 𝑟 −

3 − 𝑣

4𝐸
𝐴𝑟 

+
1 − 𝑣

2𝐸
𝐵𝑟 −

1 − 𝑣2

2𝐸
𝑟[𝐻(𝑟) − 𝐼(𝑟)] + 𝑓(𝜃) 

𝑣(𝑟, 𝜃) = −
1 + 𝑣

𝐸

𝐷

𝑟
−

1 + 𝑣

𝐸
𝑟[𝐺(𝑟) − 𝐽(𝑟)] +

𝑑𝑓

𝑑𝜃
+ 𝑟𝑔(𝜃) 

𝑢(𝑟, 𝜃) = −
1 + 𝑣

𝐸

𝐶

𝑟
+

1 − 𝑣

2𝐸
𝐴𝑟 log 𝑟 −

3 − 𝑣

4𝐸
𝐴𝑟 

+
1 − 𝑣

2𝐸
𝐵𝑟 −

1 − 𝑣2

2𝐸
𝑟[𝐻(𝑟) − 𝐼(𝑟)] + 𝑀 cos 𝜃 + 𝑁 sin 𝜃 

𝑣(𝑟, 𝜃) = −
1 + 𝑣

𝐸

𝐷

𝑟
+

𝐴

𝐸
𝑟𝜃 −

1 + 𝑣

𝐸
𝑟[𝐺(𝑟) − 𝐽(𝑟)] 

−𝑀 sin 𝜃 + 𝑁 cos 𝜃 + 𝐿𝑟 

𝐻(𝑟) =
1
2

𝜌𝜔2(𝑟2 − 𝑎2) 

𝐼(𝑟) =
𝜌𝜔2

4𝑟2 (𝑟4 − 𝑎4) 

𝐺(𝑟) = −
1
2

𝜌𝛼(𝑟2 − 𝑎2) 

𝐽(𝑟) = −
𝜌𝛼

4𝑟2 (𝑟4 − 𝑎4) 

𝐶

𝑏2 +
𝐵

2
−

𝜌𝜔2

8𝑏2 (𝑏2 − 𝑎2)[(3 + 𝑣)𝑏2 + (1 − 𝑣)𝑎2] = 0  

𝐷

𝑏2 +
𝜌𝛼

4𝑏2 (𝑏4 − 𝑎4) = 0 


