
f(a) = C

∫ a

ζ

w(z)
√
2gz dz

= C
√
2g

∫ θa

0

(2r sin θ)
√

ζ + r − r cos θ (r sin θ dθ) ∵ cos θa = 1 +
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r
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√
2gη
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∞∑
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√
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√
2gη

[
2I0(θa)−

r

η
I1(θa)−

1

4

r2

η2
I2(θa)−

1

8

r3

η3
I3(θa)−

5

64

r4
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√
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√
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√
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∫ π
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√

2ga
[
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= Cr2
√
2ga

(
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)

Q = f(d)− f(h′)− g(h′) = Cr2
√
2gη

[
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]
− g(h′)

= Cr2
√
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=
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√
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∵ ∆Ii = Ii(π)− Ii(θh)

+ Cr2
√
2gη

η

[
r

η
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√
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d

dθ
(cosn+1θ sin θ) = −(n+ 1) cosnθ sin2θ + cosn+2θ = cosnθ

{
cos2θ − (n+ 1) sin2θ

}
= cosnθ

{
1− (n+ 2) sin2θ

}
= cosnθ − (n+ 2) cosnθ sin2θ

∴
∫ θa

0

cosnθ sin2θ dθ =
1

n+ 2

(∫ θa

0

cosnθ dθ −
[
cosn+1θ sin θ

]θa
0

)

∫
cosnθ dθ =

sinnθ

n
=



∫ (
2 cos2θ − 1

)
dθ = 2

∫
cos2θ dθ − θ n = 2∫ (

4 cos3θ − 3 cos θ
)
dθ = 4

∫
cos3θ dθ − 3 sin θ n = 3∫ (

8 cos4θ − 8 cos2θ + 1
)
dθ = 8

∫
cos4θ dθ − 8

(
θ

2
+

sin 2θ

4

)
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)
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∫
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(
3

4
sin θ +
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+ 5 sin θ n = 5∫ (

32 cos6θ − 48 cos4θ + 18 cos2θ − 1
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dθ =
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∫
cos6θ dθ − 48

(
3

8
θ +

sin 2θ

4
+

sin 4θ

32
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+ 18

(
θ

2
+

sin 2θ

4

)
− θ n = 6

I0(θa) =

∫ θa

0

sin2θ dθ =
1

2

(
θa − cos θa sin θa

)
I1(θa) =
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0

cos θ sin2θ dθ =
1

3

(∫ θa

0

cos θ dθ −
[
cos2θ sin θ

]θa
0

)
=

1

3

(
sin θa − cos2θa sin θa

)

I2(θa) =

∫ θa

0

cos2θ sin2θ dθ =
1

4

(∫ a

0

cos2θ dθ −
[
cos3θ sin θ

]θa
0

)
=

1

4

(
θa
2

+
sin 2θa

4
− cos3θa sin θa

)

I3(θa) =

∫ θa

0

cos3θ sin2θ dθ =
1

5

(∫ a

0

cos3θ dθ −
[
cos4θ sin θ

]θa
0

)
=

1

5

(
3

4
sin θa +

sin 3θa
12

− cos4θa sin θa

)

I4(θa) =
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0

cos4θ sin2θ dθ =
1

6
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0

cos4θ dθ −
[
cos5θ sin θ

]θa
0

)
=

1

6

(
3

8
θa +

sin 2θa
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+
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32

− cos5θa sin θa

)

I5(θa) =
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cos5θ sin3θ dθ =
1

7
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cos5θ dθ −
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]θa
0

)
=

1
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(
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sin θa +

5
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sin 3θa +

sin 5θa
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− cos6θa sin θa
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I6(θa) =
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cos6θ sin4θ dθ =
1

8
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cos6θ dθ −
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cos7θ sin θ

]θa
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=

1

8

(
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64
sin 2θa +

3
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