
. 

 

 

 

(3-7)

(x=0)

3-7

𝑦(𝑡) = −
1

𝜆
 𝑠𝑖𝑛𝑤𝑡 −

1

2𝜆
 𝑠𝑖𝑛2𝑤𝑡 −

1

3𝜆
 𝑠𝑖𝑛3𝑤𝑡 − ⋯ … ..  

𝑤 =
2𝜆

T
T



. 

 

 

 

∂2𝑧

∂x2
+

∂2z

∂y2
=

σ

S

∂2z

∂t2

𝑆

σ



𝑐2 =
𝑆

 𝜎

∂2z

∂x2
+

∂2z

∂y2
=

1

c2

∂2z

∂𝑡2
  

∇2ψ =
1

c2
 
∂2ψ

∂t2

 



. 

 

 

 

∇2

x, y, z

∇2=  
∂2ψ

∂x2
+  

∂2ψ

∂y2
+  

∂2ψ

∂z2
  

r,,

∆2=
1

𝑟2

∂

∂r
(r2 ∂

∂r
) +

1

𝑟2𝑠𝑖𝑛𝜃

∂

∂θ
(sinθ

∂

∂θ
) +

1

𝑟2𝑠𝑖𝑛2𝜃

∂2

∂θ2
  

r,,z

∆2=
1

𝑟

∂

∂r
(r

∂

∂r
) +

1

𝑟2

∂2

∂φ2
+

∂2

∂z2
  

1- 

a ,b

3-8



. 

 

 

 

3-8(a ,b)

∂2z

∂x2
+

∂2z

∂y2
=

1

c2

∂2z

∂𝑡2
  

y, xzc

√
S

σ

𝑧(𝑥, 𝑦, 𝑡) = (𝐴𝑠𝑖𝑛 𝑐𝑘𝑡 + 𝐵𝑐𝑜𝑠 𝑐𝑘𝑡)(𝐶 sin 𝑘1 𝑥 + 𝐷 sin 𝑘1 𝑥)(𝐸 sin 𝑘2 𝑦 +

𝐹 cos 𝑘2 𝑦)  

z(x,y,t)

1- OPz(0,y,t)RQz(a,y,t) 

ORz(x,0,t)PQz(x,b,t) 

𝑧(𝑜, 𝑦, 𝑡) = (𝐴𝑠𝑖𝑛 𝑐𝑘𝑡 + 𝐵𝑐𝑜𝑠 𝑐𝑘𝑡)𝐷. (𝐸 sin 𝑘2 𝑦 + 𝐹 cos 𝑘2 𝑦) = 0  

D=0

𝑧(𝑎, 𝑦, 𝑡) = (𝐴𝑠𝑖𝑛 𝑐𝑘𝑡 + 𝐵𝑐𝑜𝑠 𝑐𝑘𝑡)𝐶 sin 𝑘1 𝑎. (𝐸 sin 𝑘2 𝑦 + 𝐹 cos 𝑘2 𝑦) = 0  

C=0

sin 𝑘1 𝑎 = 0

πa = m1k

m=1,2,3,… 

𝑧(𝑥, 𝑜, 𝑡) = 𝐶 sin
𝑚𝜋

𝑎
𝑥(𝐴𝑠𝑖𝑛 𝑐𝑘𝑡 + 𝐵𝑐𝑜𝑠 𝑐𝑘𝑡). 𝐹 = 0  

F=0



. 

 

 

 

𝑧(𝑥, 𝑏, 𝑡) = 𝐶 sin
𝑚𝜋

𝑎
𝑥(𝐴𝑠𝑖𝑛 𝑐𝑘𝑡 + 𝐵𝑐𝑜𝑠 𝑐𝑘𝑡). 𝐸 sin 𝑏𝑘2 = 0  

E= 0

sin 𝑏𝑘2 = 0

bk= 

nπ                                                                                                             

n=1,2,3 ,…. 

∵ (𝐴𝑠𝑖𝑛 𝑐𝑘𝑡 + 𝐵𝑐𝑜𝑠 𝑐𝑘𝑡) = 𝐺𝑠𝑖𝑛 (𝑐𝑘𝑡 + 𝜃)

𝐺 = √𝐴2 + 𝐵2

𝜃 = tan−1 𝐵

𝐴

𝑧(𝑥, 𝑦, 𝑡) = 𝐻 sin
𝑚𝜋

𝑎
𝑥 𝑠𝑖𝑛

𝑛𝜋

𝑏
𝑦 sin(𝑐𝑘𝑡 + 𝜃)  

HC,E,G

ckwm,n

(m,n)         w 

=ck        

𝑤2 =
𝑆

𝜎
[(

𝑚𝜋

𝑎
)

2

+ (
𝑛𝜋

𝑏
)

2

]

∵ 𝑤 = 2𝜋𝑓  

∴ 𝑓2 =
𝑆

4𝜋2𝜎
[(

𝑚

𝑎
)

2

+ (
𝑛

𝑏
)

2

]  

∴ 𝑓𝑚,𝑛 = √
𝑚2

𝑎2
+

𝑛2

𝑏2

𝑆

4𝜎

1,1

𝑓1,1 = √(
1

𝑎
)

2

+ (
1

𝑏
)

2 𝑆

4𝜎

3-9

(1,1)(4,3)



. 

 

 

 

3-9

3-101,12,13,1

 


