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a1p1 + a2p2 + a3p3 +……+ anpn = 0
b1p1 + b2p2 + b3p3 +…... + bnpn = 0                                                                                                                      

c1p1 + c2p2 + c3p3 +…… + cnpn = 0

x1 = f(x2, x3,…… xn )                                                                                                                                                               

π1 = f(π2, π3,…… πn-r )                                                                                                                                                          

(πi)Prototype = (πi)Model                                                                                                                          
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λ

λ

𝜆𝑥𝑖
 =

𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑥𝑖𝑖𝑛 𝑝𝑟𝑜𝑡𝑜𝑡𝑦𝑝𝑒

𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑥𝑖𝑖𝑛 𝑚𝑜𝑑𝑒𝑙
 

Π

𝜆𝑥𝑖
 =

𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝜋𝑖𝑖𝑛 𝑝𝑟𝑜𝑡𝑜𝑡𝑦𝑝𝑒

𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝜋𝑖𝑖𝑛 𝑚𝑜𝑑𝑒𝑙

[M][ë] + [C][ė] + [K][e] = {F(t)}

𝑒̈ 𝑒̈

𝑚𝑖𝑖𝜂̈𝑖 + 2𝑚𝑖𝑖𝜉𝑖 𝜂̇𝑖 + 𝑚𝑖𝑖𝜔𝑖
2𝜂𝑖 = 𝑓𝑖(𝑡)

 𝑚𝑖𝑖 𝜉𝑖

𝜂̈𝑖 𝜂̇𝑖 𝜂𝑖

𝑓𝑖(𝑡)

{𝜙𝑖} 𝜔𝑖

𝜼

𝝃

𝝎

𝒎

𝒕

𝒇



                     

 𝜂𝑝1  𝜉𝑝2 𝜔𝑝3 𝑚𝑝4 𝑡𝑝5 𝑓𝑝6  =  𝑀0 𝐿0  𝑇0

𝐿𝑝11𝑝2(𝑇−1)𝑝3𝑀𝑝4𝑇𝑝5(𝑀𝐿𝑇−2)𝑝6 = 𝑀0𝐿0𝑇0

p1  +  p6  =  0                                                                                                                                                      
p4 +  p6   =  0                                                                                                                                                         

-p3 + p5 – 2p6  = 0                                                                                                                                                     

ω ξ η

|
1 0 1
0 1 1
0 0 −2

|

(
𝜂𝑚

𝑡2𝑓
)

𝑝1
 𝜉𝑝2 (𝜔𝑡)𝑝3  =  𝑀0 𝐿0  𝑇0

π1 = 
𝜂𝑚

𝑡2𝑓
            π2 = ξ          π3 = ωt                                                                                                                                     

:     Fp(π1p, π1p, π1p) = 0                                                                                                               

Fm(π1m, π1m, π1m) = 0                                                                                                                                         

π1p = π1m ,       π2p = π2m  and    π3p = π3m                                                                                                                         

 ⇒  (
𝜂𝑚

𝑡2𝑓
)

𝑝
=  (

𝜂𝑚

𝑡2𝑓
)

𝑚

⇒  𝜆𝜂𝜆𝑚 =  𝜆𝑡
2𝜆𝑓

 ⇒  𝜉𝑝 = 𝜉𝑚

⇒  𝜆𝜉 = 1

 ⇒  𝜔𝑡𝑝 = 𝜔𝑡𝑚

⇒  𝜆𝜔𝜆𝑡 = 1
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𝜆𝜂𝜆𝑚 =  𝜆𝑡
2𝜆𝑓 𝜆𝜉 = 1 𝜆𝜔𝜆𝑡 = 1

𝝀𝜼, 𝝀𝒎, 𝝀𝝃, 𝝀𝒇, 𝝀𝒕 𝒂𝒏𝒅  𝝀𝝎

𝜆𝜔 =  √
𝜆𝑘

𝜆𝑚
⇒ 𝜆𝜔 =  √

𝜆𝐸𝜆𝐼

𝜆𝜌𝜆𝐴𝜆𝑙
4

𝜆𝜔 =  √
𝜆𝑘

𝜆𝑚
⇒ 𝜆𝜔 =  √

𝜆𝐸

𝜆𝜌𝜆𝑙
2

𝜆𝜔 =  √
𝜆𝑘𝑡

𝜆𝐽0

⇒ 𝜆𝜔 =  √
𝜆𝐺𝜆𝐼

𝜆𝐽0𝜆𝑙

𝜆𝑘 , 𝜆𝐸 ,  𝜆𝐼 , 𝜆𝜌,  𝜆𝐴, 𝜆𝐺  𝑎𝑛𝑑 𝜆𝐽0
  

𝜆𝑙 =  𝜆𝑑 =  𝜆𝜼



                     

𝜆𝐸 =  𝜆𝐺 =  𝜆𝜌 = 1

λω
√

𝜆𝐸𝜆𝐼

𝜆𝜌𝜆𝐴𝜆𝑙
4 √

𝜆𝜂
4

𝜆𝜂
2𝜆𝜂

4 1

𝜆𝜂

𝛌𝐈
𝜆𝑑

4 𝜆𝜂
4

λ
1

𝜆𝜔
𝜆𝜂

𝛌𝐦 𝜆𝜌𝜆𝐴𝜆𝑙 =  𝜆𝜂
2𝜆𝜂 𝜆𝜂

3

𝛌𝛈 𝜆𝜂 𝜆𝜂

𝛌𝐟 𝜆𝜂
2

𝛌𝐤 𝜆𝑚 𝜆𝜔
2 𝜆𝜂

𝛌𝐜 𝜆𝜉  𝜆𝑚 𝜆𝜔 𝜆𝜂
2

λ
𝜆𝜃 

𝜆𝑡

1

𝜆𝜂

𝝀𝒇

𝜔𝑛 =  (
𝜋2

𝐿2) {(
𝐸𝐼

𝜌𝐴
) (𝑛4 −  𝑛2  (

𝑓

𝑓𝑐𝑟
))}

1 2⁄

⇒ 𝜔𝑛
2 =  (

𝜋2

𝐿2) {(
𝐸𝐼

𝜌𝐴
) (𝑛4 −  𝑛2  (

𝑓

𝑓𝑐𝑟
))}

⇒  𝜔𝑛
2 =  𝑛4 𝜋4 (

𝐸𝐼

𝜌𝐴𝐿4) −  𝑛2 𝜋2(
𝑓

𝜌𝐴𝐿2)

𝜔𝑛𝑚
2 =  𝑛4𝜋4(

𝐸𝑚𝐼𝑚

𝜌𝑚𝐴𝑚𝐿𝑚
4) − 𝑛2 𝜋2(

𝑓𝑚

𝜌𝑚𝐴𝑚𝐿𝑚
2)

𝜔𝑛𝑓
2 =  𝑛4𝜋4(

𝐸𝑓𝐼𝑓

𝜌𝑓𝐴𝑓𝐿𝑓
4) − 𝑛2 𝜋2(

𝑓𝑚

𝜌𝑚𝐴𝑚𝐿𝑚
2)

𝜆𝜔
2 =  𝜆𝐸𝜆𝐼 𝜆𝜌𝜆𝐴𝜆𝐿

2⁄ =  𝜆𝑓 𝜆𝜌𝜆𝐴𝜆𝐿
2⁄

⇒ (𝜆𝐸𝜆𝐼) 𝜆𝜌𝜆𝐴𝜆𝐿
2⁄ 𝜆𝜔

2 =  𝜆𝑓 𝜆𝜌𝜆𝐴𝜆𝐿
2⁄ 𝜆𝜔

2 = 1

⇒ 𝜆𝐼 𝜆𝐴𝜆𝑙
2⁄ 𝜆𝜔

2 =  𝜆𝑓 𝜆𝐴𝜆𝑙
2⁄ 𝜆𝜔

2 = 1

𝝀𝝎 =
𝟏

𝝀𝜼
  ,     𝝀𝒇 =  𝝀𝜼

𝟐                                                                                                                              
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λω

√
𝜆𝐸

𝜆𝜌𝜆𝑙
2 √

1

𝜆𝜼
2

1

𝜆𝜼

λ
1

𝜆𝜔

𝜆𝜼

𝛌𝐦 𝜆𝜌𝜆𝐴𝜆𝑙 =  𝜆𝜼
2𝜆𝜼 𝜆𝜼

3

𝛌𝛈 𝜆𝜼 𝜆𝜼

𝛌𝐟 𝜆𝒎 𝜆𝒈 =   𝜆𝜼
3 𝜆𝜼

3

𝛌𝐤 𝜆𝒎 𝜆𝜔
2 𝜆𝜼

𝛌𝐜
𝜆𝜉  𝜆𝑚 𝜆𝜔 𝜆𝜼

2

λ

𝜆𝜽 

𝜆𝒕

1

𝜆𝜼

λω

√
𝜆𝐺𝜆𝐼

𝜆𝐽0𝜆𝑙
√

𝜆𝜼
4

𝜆𝜼
3𝜆𝜼

2𝜆𝜼
1

𝜆𝜼

λ
1

𝜆𝜔
𝜆𝜼

𝛌𝐉𝟎

𝜆𝑚𝜆𝑑
2 =  𝜆𝜼

3𝜆𝜼
2 𝜆𝜼

5

𝛌𝐈
𝜆𝑑

4 𝜆𝜼
4

𝛌𝛉
1 1

𝛌𝐓 𝜆𝜼
3

𝛌𝐤 𝜆𝑱𝟎
 𝜆𝜔

2 𝜆𝜼
3

𝛌𝐜
𝜆𝜉𝜆𝑱𝟎

 𝜆𝜔 𝜆𝜼
4

λ
𝜆𝜽 

𝜆𝒕

1

𝜆𝜼

𝜆𝑙 =  𝜆𝜼 =  
𝑙𝑓𝑢𝑙𝑙

𝑙𝑚𝑜𝑑𝑒𝑙
=  

1200

5
= 240                                                                                                                                     



                     

𝜆𝑙 =   𝜆𝜼 𝜆𝑑 =  𝜆𝜼 ∗ 𝐶𝐷 

𝜆𝐸 =  𝜆𝐺 =  𝜆𝜌 = 1

λω

CD

λ𝛈 

1

λ𝛈

λ
 λ𝛈

 CD
λ𝛈

𝛌𝐦 λ𝛈
3 ∗ CD

2 λ𝛈
3 ∗ CD

2

𝛌𝛈
 λ𝛈

 CD
λ𝛈

𝛌𝐟 λ𝛈
2 ∗ CD

3 λ𝛈
3 ∗ CD

3

𝛌𝐤 λ𝛈 ∗ CD
4 λ𝛈 ∗ CD

2
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𝝀𝝎 =  𝑪𝑫/𝝀𝜼            𝝀𝒇 =  𝑪𝑫
𝟒 ∗  𝝀𝜼

𝟐

λω
1

λ𝛈

λ λ𝛈

𝛌𝐉𝟎 λ𝛈
5 ∗ CD

4

𝛌𝐈 λ𝛈
4 ∗ CD

4

𝛌𝛉 1

𝛌𝐓 λ𝛈
3 ∗ CD

2

𝛌𝐤 λ𝛈
3 ∗ CD

4

𝛌𝐜 λ𝛈
4 ∗ CD

4

λ
1

λ𝛈

𝜆𝑙 =  𝜆𝜼 = 240

𝛌𝐜 λ𝛈
2 ∗ CD

3 λ𝛈
2 ∗ CD

2

λ
CD

λ𝛈 

1

λ𝛈
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