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 الوحدة الأولى: الحركة والتحريك

 

 

 
 

- �⃗⃗�  𝐹𝑠0⃗⃗⃗⃗⃗⃗  ⃗

- 𝐹 𝑠0
′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗  

𝑥0
𝐹𝑠0= 𝐹

 𝑠0
′

 
⇒𝐹 𝑠0

′ = 𝑘𝑥0 

∑𝐹 = 0⃗ 
 
⇒ �⃗⃗� + 𝐹𝑠0⃗⃗⃗⃗⃗⃗  ⃗ = 0⃗    

𝑥�̀�⃖⃗ ⃗⃗⃗

𝑤 − 𝐹𝑠0 = 0
 
⇒𝑤 = 𝐹𝑠0= 𝐹

/𝑠0
 
⇒ 𝑚𝑔 = 𝑘𝑥0  … (1)  

- �⃗⃗� 𝐹𝑠 ⃗⃗ ⃗⃗  ⃗

- 𝐹 𝑠 
′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   

𝑥0 + �̅�

𝐹𝑠  = 𝐹𝑠
′

 
⇒𝐹𝑠

′ = 𝑘(𝑥0 + �̅�)  

∑𝐹 = 𝑚𝑎 
 
⇒ �⃗⃗� + 𝐹𝑠⃗⃗  ⃗ = 𝑚𝑎 

𝑥�̀�⃖⃗ ⃗⃗⃗

𝑤 − 𝐹𝑠 = 𝑚�̅�
 
⇒𝑚𝑔 − 𝑘(𝑥0 + �̅�) = 𝑚�̅�

 
⇒𝑚𝑔 − 𝑘𝑥0 − 𝑘�̅� = 𝑚�̅� 

𝟏    

 𝑘𝑥0 − 𝑘𝑥0 − 𝑘�̅� = 𝑚�̅�
 
⇒−𝑘�̅� = 𝑚�̅�

 
⇒ �̅� = −𝑘�̅� = 𝑚�̅�  

�̅�

𝒎. �̅� = −𝒌𝒙 
 ̅

�̅� = −𝑘𝑥 
 ̅ = 𝑚. �̅�

�̅� = (�̅�)′′𝑡
 
⇒𝑚(�̅�)′′𝑡 = −𝑘𝑥 

 ̅

 
⇒ (�̅�)′′𝑡 = −

𝑘

𝑚
. �̅�  … (1) 

𝑥̅ = 𝑥𝑚𝑎𝑥𝑐𝑜𝑠(𝜔0𝑡 + �̅�̅)

 

𝑥𝑚𝑎𝑥:𝑚

𝜔0𝑟𝑎𝑑. 𝑠−1 

(𝜔0𝑡 + �̅�̅):𝑡 𝑟𝑎𝑑

�̅�̅𝑡 = 0𝑟𝑎𝑑

�̅� = (�̅�)́𝑡 = −𝜔0𝑥𝑚𝑎𝑥𝑠𝑖𝑛(𝜔0𝑡 + �̅�̅)  

�̅� = (�̅�)′′𝑡 = −𝜔0
2. 𝑥𝑚𝑎𝑥𝑐𝑜𝑠(𝜔0𝑡 + �̅�̅) 

(�̅�)′′𝑡 = −𝜔0
2. �̅� … (2)  

𝜔0
2 =

𝑘

𝑚  
⇒𝜔0 = √

𝑘

𝑚
> 0 𝑘𝑚

 
𝜔0=

2𝜋

𝑇0

𝜔0=√
𝑘

𝑚
}

 
⇒ 𝑇0 = 2𝜋.√

𝑚

𝑘
 

▪  𝑥𝑚𝑎𝑥
▪ 𝑚

▪ 𝑘
 

 𝐸𝑝,  𝐸𝐾

 𝐸 =  𝐸𝑝 +  𝐸𝑘
 
⇒𝐸 =

1

2
𝑘𝑥2 +

1

2
𝑚𝑣2 

�̅� = 𝑥𝑚𝑎𝑥𝑐𝑜𝑠(𝜔0𝑡 + �̅�̅)   �̅� = (�̅�)́𝑡 = −𝜔0𝑥𝑚𝑎𝑥sin (𝜔0𝑡 + �̅�̅) 

𝐸 =
1

2
𝑘𝑥𝑚𝑎𝑥
2 𝑐𝑜𝑠2(𝜔0𝑡 + �̅�̅) +

1

2
𝑚𝜔0

2𝑥𝑚𝑎𝑥
2

 
𝑠𝑖𝑛2(𝜔0𝑡 + �̅�̅)

𝜔0
2 =

𝑘

𝑚
 

𝐸 =
1

2
𝑘𝑥𝑚𝑎𝑥
2

 
𝑐𝑜𝑠2(𝜔0𝑡 + �̅�̅) +

1

2
𝑚
𝑘

𝑚
𝑥𝑚𝑎𝑥
2

 
𝑠𝑖𝑛2(𝜔0𝑡 + �̅�̅) 

𝐸 =
1

2
𝑘𝑥𝑚𝑎𝑥

2
 
[𝑐𝑜𝑠2(𝜔0𝑡 + �̅�̅) + 𝑠𝑖𝑛

2(𝜔0𝑡 + �̅�̅)]⏟                      
1

 
⇒  𝐸 =

1

2
𝑘𝑥2𝑚𝑎𝑥 = 𝑐𝑜𝑛𝑠𝑡  

▪  𝑣 = 0
 
⇒  𝐸𝐾 = 0

 
⇒𝐸 =  𝐸𝑃 

▪ 𝑥 = 0
 
⇒  𝐸𝑃 = 0

 
⇒𝐸 =  𝐸𝐾 

▪    𝑣
 
⇒    𝐸𝐾

 
⇒  𝐸𝑃 

▪   𝑣
 
⇒   𝐸𝐾

 
⇒  𝐸𝑃 

 

𝒗 = 𝝎𝟎√𝑿𝒎𝒂𝒙𝟐 − 𝒙𝟐 

𝐸𝑡𝑜𝑡 = 𝐸𝑃 + 𝐸𝑘
 
⇒   

1

2
𝑘𝑋𝑚𝑎𝑥

2 =
1

2
𝑘𝑥2 +

1

2
𝑚𝑣2  

ω0
2 =

k

𝑚
⟹𝑚 =

𝑘

ω0
2

1

2
𝑘𝑋𝑚𝑎𝑥

2 =
1

2
𝑘𝑥2 +

1

2

𝑘

ω0
2 v
2 

𝑋𝑚𝑎𝑥
2 = 𝑥2 +

1

ω0
2 𝑣
2⟹ (𝑋𝑚𝑎𝑥

2 − 𝑥2) =
𝑣2

ω0
2

𝑣2 = ω0
2(𝑋𝑚𝑎𝑥

2 − 𝑥2)
 
⇒ 𝑣 = ω0√𝑋𝑚𝑎𝑥

2 − 𝑥2  

a  

b 

�⃗⃗⃗� = 𝑚𝑔 

∑𝐹 = 𝑚𝑎 
 
⇒𝑚𝑎 = 𝑚𝑔 ⟹ 𝑎 = 𝑔 = 𝑐𝑜𝑛𝑠𝑡⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ 

a 

 

b 

 

�̅� = −𝐤�̅�
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�̅� = 𝒙𝒎𝒂𝒙 𝐜𝐨𝐬(𝝎𝟎𝒕 + �̅�)

 �̅� = 𝒙𝒎𝒂𝒙𝒕 = 𝟎
1 

 
2 

ab

(c𝑡 =
3𝑇0

2
3 

1 𝑡 = 0�̅� = 𝑥𝑚𝑎𝑥

�̅� = 𝑥𝑚𝑎𝑥 𝑐𝑜𝑠(𝜔0𝑡 + �̅�̅) 

𝑥𝑚𝑎𝑥  = 𝑥𝑚𝑎𝑥 𝑐𝑜𝑠 �̅�̅  

𝑐𝑜𝑠 �̅�̅  = 1
 
⇒  �̅�̅ = 0 

�̅� = 𝑥𝑚𝑎𝑥 𝑐𝑜𝑠(𝜔0𝑡)

2  

𝑥 ̅ = 𝑋𝑚𝑎𝑥  𝐶𝑜𝑠(𝜔0𝑡)
 
⇒ 

𝑥 ̅ = 𝑋𝑚𝑎𝑥  𝐶𝑜𝑠 (
2𝜋

𝑇0
 .  𝑡) 

𝑥 ̅ =  |± 𝑋𝑚𝑎𝑥|

�̅� = 0.

𝒕 =
𝟑𝑻𝟎

𝟐

𝑥 ̅ = 𝑋𝑚𝑎𝑥 𝐶𝑜𝑠(𝜔0𝑡)
 
⇒ 

𝑥 ̅ = 𝑋𝑚𝑎𝑥 𝐶𝑜𝑠 (
2𝜋

𝑇0
 .  𝑡) 

𝑡 =
3𝑇0

2
 ⇒  𝑥 ̅ = 𝑋𝑚𝑎𝑥 𝐶𝑜𝑠 (

2𝜋

𝑇0
 .  
3𝑇0

2
)  

𝑥 ̅ = −𝑋𝑚𝑎𝑥 
.3

�̅� = 𝒙𝒎𝒂𝒙𝒄𝒐𝒔𝝎𝟎𝒕
1 

a        b

c𝑡 =
5𝑇0

4

1 

�̅� = (�̅�)́𝑡 = −𝜔0𝑥𝑚𝑎𝑥𝑠𝑖𝑛𝜔0𝑡

2  

�̅� = −𝜔0 𝑥𝑚𝑎𝑥 𝑆𝑖𝑛(𝜔0𝑡)
 
⇒ 

�̅� = −𝜔0 𝑥𝑚𝑎𝑥 𝑆𝑖𝑛 (
2𝜋

𝑇0
 . 𝑡)  

 

�̅� =  |±𝜔0𝑥𝑚𝑎𝑥|

�̅� = 0

𝒕 =
𝟓𝑻𝟎

𝟒

�̅� = −𝜔0 𝑥𝑚𝑎𝑥 𝑆𝑖𝑛(𝜔0𝑡)
 
⇒ 

�̅� = −𝜔0 𝑥𝑚𝑎𝑥 𝑆𝑖𝑛 (
2𝜋

𝑇0
 . 𝑡) 

𝑡 =
5𝑇0
4
 ⇒ 

 �̅� = −𝜔0 𝑥𝑚𝑎𝑥  𝑆𝑖𝑛 (
2𝜋

𝑇0
 .
5𝑇0

4
)=−𝑣𝑚𝑎𝑥  

(   ) 

�̅� = 𝒙𝒎𝒂𝒙𝒄𝒐𝒔𝝎𝟎𝒕

1 �̅�
 

2 

ab

(c𝑡 =
5𝑇0

2

�̅� = (�̅�)́𝑡 = (�̅�)"𝑡 

�̅� = (�̅�) ́𝑡 = −𝜔0𝑥𝑚𝑎𝑥𝑠𝑖𝑛 𝜔0𝑡 

�̅� = (�̅�)́𝑡 = −𝜔0
2𝑥𝑚𝑎𝑥𝑐𝑜𝑠 𝜔0𝑡 

 �̅� = −𝜔0
2�̅� ≠ 𝑐𝑜𝑛𝑠𝑡

�̅�

𝑎 ̅= −𝜔02𝑥𝑚𝑎𝑥𝑐𝑜𝑠 𝜔0𝑡 
 
⇒ 

𝑎 ̅ = −𝜔0
2 𝑋𝑚𝑎𝑥 𝐶𝑜𝑠 (

2𝜋

𝑇0
 . 𝑡) 

�̅� = ±𝑥𝑚𝑎𝑥
 
⇒𝑎𝑚𝑎𝑥 = |𝜔0

2𝑥𝑚𝑎𝑥|

 

�̅� = 0
 
⇒𝑎 = 0       

𝒕 =
𝟓𝑻𝟎

𝟐

𝑎 ̅= −𝜔02𝑥𝑚𝑎𝑥𝑐𝑜𝑠 𝜔0𝑡 
 
⇒ 

𝑎 ̅ = −𝜔0
2 𝑋𝑚𝑎𝑥 𝐶𝑜𝑠 (

2𝜋

𝑇0
 . 𝑡) 

𝑡 =
5𝑇0
2
 ⇒ 𝑎 ̅

= −𝜔0
2 𝑋𝑚𝑎𝑥 𝐶𝑜𝑠(

2𝜋

𝑇0
 .
5𝑇0
2
 ) 

= +𝑎𝑚𝑎𝑥 
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2 

𝒌

𝒎
 

1  

2 𝑿𝒎𝒂𝒙𝑩  𝑨

𝒙𝑨 = −
𝑿𝒎𝒂𝒙

𝟐
𝒙𝑩 = +

𝑿𝒎𝒂𝒙

√𝟐
 

1 

𝐹𝑠⃗⃗  ⃗�⃗⃗⃗� �⃗� 

∑𝐹 = 𝑚𝑎 

�⃗⃗⃗� + �⃗� + 𝐹𝑠⃗⃗⃗  = 𝑚𝑎 

𝐹𝑠⃗⃗  ⃗ −𝐹𝑠 = 𝑚�̅�

𝐹𝑠′⃗⃗ ⃗⃗ 𝑥𝐹𝑠
′ = 𝐹𝑠 = 𝑘�̅�

−𝑘�̅� = 𝑚�̅�

�̅� = 𝑎�̅� = (�̅� )𝑡" 

−𝑘�̅� = 𝑚(�̅�)𝑡"  

(�̅�)𝑡" = −(
𝑘

𝑚
) �̅� … . . (1) 

�̅� = 𝑋𝑚𝑎𝑥 𝑐𝑜𝑠(𝜔0𝑡 + �̅�̅)

(�̅�)𝑡
′ = �̅� = −𝜔0𝑋𝑚𝑎𝑥𝑠𝑖𝑛 (𝜔0𝑡 + �̅�̅)

(�̅�)𝑡
" = �̅� = −𝜔0

2𝑋𝑚𝑎𝑥𝑐𝑜𝑠(𝜔0𝑡 + �̅�̅)

(�̅�)𝑡
" = 𝜔0

2�̅� … . . (2)

𝜔0
2 =

𝑘

𝑚
𝜔0 = √

𝑘

𝑚
> 0𝑘,𝑚

�̅� = 𝑋𝑚𝑎𝑥 𝑐𝑜𝑠(𝜔0𝑡 + �̅�̅) 

2 𝐸𝑡𝑜𝑡 = 𝐸𝑃 + 𝐸𝑘⟹ 𝐸𝑘 = 𝐸𝑡𝑜𝑡 − 𝐸𝑝  

𝐸𝑘 =
1

2
𝑘𝑋𝑚𝑎𝑥

2 −
1

2
𝑘𝑥2⟹ 𝐸𝑘 =

1

2
𝑘(𝑋𝑚𝑎𝑥

2 − 𝑥2)

𝐸𝑘𝐴 =
1

2
𝑘(𝑋𝑚𝑎𝑥

2 − 𝑥2𝐴) ∶  �̅�𝐴 = −
𝑋𝑚𝑎𝑥

2
 

=
1

2
𝑘 (𝑋𝑚𝑎𝑥

2 −
𝑋𝑚𝑎𝑥
2

4
) =

3

4
(
1

2
𝑘 𝑋𝑚𝑎𝑥

2 ) ⇒  𝐸𝑘𝐴 = 
3

4
𝐸𝑡𝑜𝑡  

𝐸𝑘𝐵 =
1

2
𝑘(𝑋𝑚𝑎𝑥

2 − 𝑥2𝐵): �̅�𝐵 = +
𝑋𝑚𝑎𝑥

√2

=
1

2
𝑘 (𝑋𝑚𝑎𝑥

2 −
𝑋𝑚𝑎𝑥
2

2
) =

1

2
(
1

2
𝑘 𝑋𝑚𝑎𝑥

2 ) ⇒ 𝐸𝑘𝐵 =
1

2
𝐸𝑡𝑜𝑡  

 

 

 ∑ �̅�∆ = −𝐤�̅�   

w⃗⃗⃗  T⃗⃗  

 Γ̅η⃗ = −kθ̅

∑ Γ̅F⃗⃗ = I∆α̅  
⇒ Γ̅η⃗ + Γ̅T⃗⃗ + Γ̅W⃗⃗⃗⃗ = I∆α̅ 

ΓT ⃗⃗  ⃗   Γw⃗⃗⃗ = 0T⃗⃗ w⃗⃗⃗ 

−kθ̅ + 0 + 0 = I∆α̅
 
⇒ ∑ Γ̅∆ = Γ̅η⃗ = −kθ̅ 

−𝐤�̅� = 𝐈∆�̅�

α̅ = (�̅�)"𝑡

−kθ̅ = I∆(�̅�)"𝑡
 
⇒ (�̅�)"𝑡 = −

𝑘

𝐼∆
�̅� … (1)

θ̅ = 𝜃𝑚𝑎𝑥 cos(𝜔0𝑡 + �̅�̅) 

�̅� = (�̅�)′𝑡 = −𝜔0𝜃𝑚𝑎𝑥 sin(𝜔0𝑡 + �̅�̅) 

�̅� = (�̅�)′′𝑡 = −𝜔0
2𝜃𝑚𝑎𝑥 cos(𝜔0𝑡 + �̅�̅) 

(�̅�)′′𝑡 = −𝑤0
2�̅� … (2) 

 
⇒𝜔0 =√

𝑘

I∆
𝜔0
2 =

𝑘

I∆

𝑘, 𝐼∆

 
𝜔0=

2𝜋

𝑇0

𝜔0=√
𝑘

I∆}
 
⇒ 𝑇0 = 2𝜋.√

I∆

𝑘
 

- 𝜃𝑚𝑎𝑥

- I∆

- 𝑘

- 𝑘 = 𝑘′ ×
(2𝑟)4

ℓ

: 𝑘′ : 2𝑟: ℓ 

𝐸𝑡𝑜𝑡 = 𝐸𝑃 + 𝐸𝑘 = 𝑐𝑜𝑛𝑠𝑡

𝐸𝑡𝑜𝑡 =
1

2
𝑘𝜃2 +

1

2
𝐼∆𝜔

2

0 =
1

2
𝑘 2(�̅��̅�) + 2

1

2
𝐼∆(�̅��̅�)

0 = 𝑘(�̅�) + 𝐼∆(�̅�)𝑡"
 
⇒ (�̅�)′′𝑡 = −

𝑘

𝐼∆
(�̅�) … . . (1)  

�̅� = θm𝑎𝑥 cos(𝜔0𝑡 + �̅�̅)

(2)

(�̅�)𝑡
′ = �̅� = −𝜔0𝜃𝑚𝑎𝑥 sin(𝜔0𝑡 + �̅�̅)

(�̅�)𝑡
′′ = �̅� = −𝜔0

2𝜃𝑚𝑎𝑥 cos(𝜔0𝑡 + �̅�̅) 

(�̅�)𝑡
′′ = −𝜔0

2�̅� … . . (2)

(2)  (1)𝜔0
2 =

𝑘

𝐼∆

𝜔0 = √
𝑘

𝐼∆
> 0k , 𝐼∆

𝒍𝟏𝒍𝟐
 

𝑇01
𝑇02
=
2𝜋√

𝐼∆
𝑘1

2𝜋√
𝐼∆
𝑘2

 ⇒
𝑇01
𝑇02
= √

𝑘2

𝑘1
 

𝑻𝟎𝟏 = 𝟐𝑻𝟎𝟐

2𝑇02

𝑇02
= √

𝑘=𝑘′×
(2𝑟)4

ℓ2

𝑘=𝑘′×
(2𝑟)4

ℓ1

= √
ℓ1

ℓ2  
⇒2 = √

ℓ1⇒ 4 =
ℓ1

ℓ2
⇒ ℓ1 = 4ℓ2

 𝑇0 = 𝑐𝑜𝑛𝑠𝑡√𝑙
                         

 الاهتزازات الجيبية الدورانية )نواس الفتل غير المتخامد( 
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3 

 

 

 

 𝒎𝒄 

𝛉

w⃗⃗⃗   �⃗� 

 ∑ Γ̅F⃗⃗ = I∆α̅  
⇒ Γ̅W⃗⃗⃗⃗ + Γ̅R⃗⃗ =I∆α̅ … (∗)  

 R⃗⃗  Γ̅R⃗⃗  = 0 … (1)

Γ̅w⃗⃗⃗ = −𝑑
′. 𝑤 

d′ = oc . sin θ
𝑜𝑐=𝑑
⇒   𝑑′ = 𝑑. 𝑠𝑖𝑛 𝜃 

 Γ̅w⃗⃗⃗ = −mgd sinθ… (2)    

(1)(2)(∗)

         −𝑚𝑔𝑑. 𝑠𝑖𝑛𝜃 = 𝐼∆�̅�  
�̅�=(�̅�)”𝑡
⇒     (�̅�)”𝑡 = −

𝑚𝑔𝑑

𝐼∆
𝑠𝑖𝑛𝜃

𝑠𝑖𝑛𝜃𝜃

(�̅�)"𝒕 = −
𝒎𝒈𝒅

𝐈∆
𝒔𝒊𝒏𝜽

𝜃 ≤ 14𝑜, 𝜃 ≤ 0.24𝑟𝑎𝑑𝑠𝑖𝑛𝜃 ≃ 𝜃

(�̅�)”𝑡 = −
𝑚𝑔𝑑

I∆
�̅� … (1)

�̅� = 𝜃𝑚𝑎𝑥𝑐𝑜𝑠 (𝜔0𝑡 + �̅�̅) 

�̅� = (�̅�)′𝑡 = −𝜔0𝜃𝑚𝑎𝑥 sin(𝜔0𝑡 + �̅�̅) 
�̅� = (�̅�)′′𝑡 = −𝜔0

2𝜃𝑚𝑎𝑥 cos(𝜔0𝑡 + �̅�̅)

⇒ (�̅�)”𝑡 = −𝜔0
2�̅� … (2)  

      𝜔0
2 =

𝑚𝑔𝑑

I∆  
⇒𝜔0 = √

𝑚𝑔𝑑

I∆
> 0     

𝑔,𝑚, 𝑑, 𝐼∆
𝜔0

𝑇0 = 2𝜋√
I∆

𝑚𝑔𝑑
𝑇0 =

2𝜋

𝜔0
=

2𝜋

√
𝑚𝑔𝑑

I∆

 
⇒

 
 

 

𝑇0′ ≃ 𝑇0 [1 +
𝜃𝑚𝑎𝑥
2

16
] 

 

 

𝑚 

𝑙 

𝑙

𝒎 

𝒍 𝛉
 

   �⃗⃗⃗� �⃗�   

∑ Γ̅ = 𝐼∆. ∝̅
 
⇒ �̅��⃗� + �̅��⃗⃗� = 𝐼∆. ∝̅ … (∗)  

 �⃗�  �̅��⃗�  = 0 … (1) 

𝑑′ = 𝑙 . 𝑠𝑖𝑛 𝜃
 
⇒ �̅��⃗⃗� = −𝑚𝑔𝑙 𝑠𝑖𝑛 𝜃 … (2)  

(1)(2)(∗)

0 − 𝑚. 𝑔. 𝜄 sin𝜃 = 𝑚. 𝜄2(�̅�)′′𝑡 

−𝑔. 𝑠𝑖𝑛 𝜃 = 𝑙(�̅�)′′𝑡

(�̅�)𝑡
′′ = −

𝑔

𝑙
𝑠𝑖𝑛𝜃

 

(�̅�)"𝒕 = −
𝑔

𝑙
𝒔𝒊𝒏�̅�

 

(�̅�)𝑡
′′ = −

𝑔

𝑙
𝑠𝑖𝑛𝜃

θ ≤ 0.24 𝑟𝑎𝑑

𝑠𝑖𝑛𝜃 ≃ 𝜃

(�̅�)𝑡
′′ = −

𝑔

𝑙
�̅� …… (1)

�̅� = θ𝑚𝑎𝑥cos (𝜔0𝑡 + �̅�̅)

……(2)(�̅�)𝑡
′′ = −𝜔0

2�̅�

 
⇒𝜔0 = √

𝑔

𝑙
> 0𝜔0

2 =
𝑔

𝑙

𝑙 , 𝑔

𝜔0

 
⇒𝜔0 = √

𝑔

𝑙
𝜔0 =

2𝜋

𝑇0

2π

𝑇0
= √

𝑔

𝑙
⟹ 𝑇0 = 2𝜋√

𝑙

𝑔

𝐼∆  𝑑  

⟹ 𝑇0 = 2𝜋√
𝑙

𝑔
𝑇0 = 2𝜋√

𝐼∆

𝑚𝑔𝑑
  
𝐼∆=𝑚𝑙

2    𝑑=𝑙 
⇒         𝑇0 = 2𝜋√

𝑚 𝑙2

𝑚 𝑔 𝑙

- 

- 

- 
o 𝑙

o 𝑔

:

  𝜃1̅̅ ̅ = 𝜃𝑚𝑎𝑥    

𝜃2̅̅ ̅ = 𝜃    

∑�̅�𝐹 = ∆𝐸𝑘
̅̅ ̅̅ ̅   

 
⇒    �̅��⃗⃗� + �̅��⃗� = 𝐸𝑘2 − 𝐸𝑘1  

𝐸𝑘1 = 0v = 0 

�̅��⃗� = 0�⃗� 

𝑚. 𝑔. ℎ =
1

2
𝑚. 𝑣2  

: ℎ =  𝑙. 𝑐𝑜𝑠𝜃 − 𝑙. 𝑐𝑜𝑠𝜃𝑚𝑎𝑥
ℎ = 𝑙(cos 𝜃 − 𝑐𝑜𝑠𝜃𝑚𝑎𝑥) 

𝑚.𝑔. 𝑙(𝑐𝑜𝑠𝜃 − 𝑐𝑜𝑠𝜃𝑚𝑎𝑥) =
1

2
𝑚. 𝑣2 

 
⇒ 𝑣 = √2𝑔. 𝑙(𝑐𝑜𝑠𝜃 − 𝑐𝑜𝑠𝜃𝑚𝑎𝑥)  
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𝒍𝜽𝒎𝒂𝒙

𝜽𝒎𝒂𝒙 > 𝜽 

𝑻 = 𝒎.𝒈(𝟑𝒄𝒐𝒔𝜽 − 𝟐𝒄𝒐𝒔𝜽𝒎𝒂𝒙)

�⃗⃗� �⃗�  

�⃗⃗� + �⃗� = 𝑚. 𝑎 ∑𝐹 = 𝑚. 𝑎 
 
⇒

𝒏𝒏′⃗⃗⃗⃗⃗⃗  ⃗�⃗⃗� 

−𝑚. 𝑔. 𝑐𝑜𝑠𝜃 + 𝑇 = 𝑚. 𝑎𝑐
 
⇒ 𝑇 = 𝑚. 𝑎𝑐 +𝑚.𝑔. 𝑐𝑜𝑠𝜃 

𝑇 =  𝑚.
𝑣2

𝑙
+ 𝑚. 𝑔. 𝑐𝑜𝑠𝜃

𝑣=√2𝑔.𝑙(𝑐𝑜𝑠𝜃−𝑐𝑜𝑠𝜃𝑚𝑎𝑥)
⇒                   

𝑇 = 𝑚.
2𝑔.𝑙(𝑐𝑜𝑠𝜃−𝑐𝑜𝑠𝜃𝑚𝑎𝑥)

𝑙
+𝑚. 𝑔. 𝑐𝑜𝑠𝜃  

𝑇 = 2𝑚. 𝑔(𝑐𝑜𝑠𝜃 − 𝑐𝑜𝑠𝜃𝑚𝑎𝑥) +𝑚. 𝑔. 𝑐𝑜𝑠𝜃

𝑇 = 2𝑚. 𝑔. 𝑐𝑜𝑠𝜃 − 2𝑚. 𝑔. 𝑐𝑜𝑠𝜃𝑚𝑎𝑥 +𝑚.𝑔. 𝑐𝑜𝑠𝜃

𝑇 = 3𝑚. 𝑔. 𝑐𝑜𝑠𝜃 − 2𝑚. 𝑔. 𝑐𝑜𝑠𝜃𝑚𝑎𝑥

𝑇 = 𝑚. 𝑔(3𝑐𝑜𝑠𝜃 − 2𝑐𝑜𝑠𝜃𝑚𝑎𝑥)

 

1 

 
2 

 

3 
 

4  
5 

 

6  Q =
m

∆t

7  

Q′ =
V

∆t

1  

2 

 

3 

 
4  

S1, S2

Q′1 = Q
′
2 ⇒

V1

∆t
=
V2

∆t
⇒ V1 = V2 ⇒ 

S1x1 = S2x2
𝑥=𝑣.𝑡
⇒   S1𝑣1∆t = S2𝑣2∆t  

Q′ = S1𝑣1 = S2𝑣2 = 𝑐𝑜𝑛𝑠𝑡 :   
𝑣2

𝑣1
=
S1

S2
 

 

𝐏 +
𝟏

𝟐
𝛒𝐯𝟐 + 𝛒𝐠𝐳 = 𝐜𝐨𝐧𝐬𝐭

-  

�̅��⃗⃗� = −𝑚.𝑔. ℎ = −𝑚𝑔(𝑧2 − 𝑧1) = −𝑚𝑔𝑧2 +𝑚𝑔𝑧1 

-  

𝐹1⃗⃗  ⃗S1

𝑊1 = 𝐹1. ∆𝑥1 = 𝑃1. 𝑆1. ∆𝑥1 = 𝑃1 . ∆𝑉1  

𝐹2⃗⃗⃗⃗ S2

𝑊2 = −𝐹2. ∆𝑥2 = −𝑃2. 𝑆2. ∆𝑥2 = −𝑃2 . ∆𝑉2
�̅�𝑡𝑜𝑡 = �̅��⃗⃗� + �̅�𝐹1⃗⃗⃗⃗ + �̅�𝐹2⃗⃗⃗⃗  

�̅�𝑡𝑜𝑡 = −𝑚𝑔𝑧2 +𝑚𝑔𝑧1 + 𝑃1 . ∆𝑉1 − 𝑃2 . ∆𝑉2 ………( 1 ) 

�̅�𝑡𝑜𝑡 = ∆𝐸𝑘̅̅ ̅̅ ̅   = 𝐸𝑘2 − 𝐸𝑘1 =
1

2
𝑚. 𝑣2

2 −
1

2
𝑚. 𝑣1

2 ………( 2 )

(1)(2)

−𝑚𝑔𝑧2 +𝑚𝑔𝑧1 + 𝑃1 . ∆𝑉1 − 𝑃2 . ∆𝑉2 =
1

2
𝑚. 𝑣2

2 −
1

2
𝑚. 𝑣1

2 

∆𝑉1 = ∆𝑉2 = ∆𝑉  

𝑃1∆𝑉 +
1

2
𝑚𝑣1

2 +𝑚𝑔𝑍1 = 𝑃2∆𝑉 +
1

2
𝑚𝑣2

2 +𝑚𝑔𝑍2  

∆𝑉

𝑃1 +
1

2

𝑚

∆𝑉
𝑣1
2 +

𝑚

∆𝑉
𝑔𝑍1 = 𝑃1 +

1

2

𝑚

∆𝑉
𝑣2
2 +

𝑚

∆𝑉
𝑔𝑍2  

𝜌 =
𝑚

∆𝑉
 𝑃1 +

1

2
𝜌𝑣1

2 + 𝜌𝑔𝑍1 = 𝑃2 +
1

2
𝜌𝑣2

2 + 𝜌𝑔𝑍2  

𝑃 +
1

2
𝜌𝑣2 + 𝜌𝑔𝑧 = 𝑐𝑜𝑛𝑠𝑡  ∶  

(𝒛𝟏 = 𝒛𝟐)

𝑃 +
1

2
𝜌𝑣2 + 𝜌𝑔𝑧 = 𝑐𝑜𝑛𝑠𝑡 

𝑃1 +
1

2
𝜌𝑣1

2 + 𝜌𝑔𝑍1 = 𝑃2 +
1

2
𝜌𝑣2

2 + 𝜌𝑔𝑍2 

𝑍1 = 𝑍2𝑃1 +
1

2
𝜌𝑣1

2 = 𝑃2 +
1

2
𝜌𝑣2

2 

𝑃 +
1

2
𝜌𝑣2 = 𝑐𝑜𝑛𝑠𝑡 

ℎ = 𝑐𝑜𝑛𝑠𝑡

𝑃 +
1

2
𝜌𝑣2 + 𝜌𝑔𝑧 = 𝑐𝑜𝑛𝑠𝑡

𝑃1 +
1

2
𝜌𝑣1

2 + 𝜌𝑔𝑍1 = 𝑃2 +
1

2
𝜌𝑣2

2 + 𝜌𝑔𝑍2

𝑣1 = 𝑣2 = 0

𝑃1 + 𝜌𝑔𝑍1 = 𝑃2 + 𝜌𝑔𝑍2 ⇒ 𝑃1 − 𝑃2 = 𝜌𝑔(𝑍2 − 𝑍1)

𝑃1 − 𝑃2 = 𝜌 𝑔 ℎ  

 السوائل  ميكانيك  
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z

P +
1

2
ρ𝑣2 + ρgz = const ∶  

P1 +
1

2
 ρ 𝑣 1

2 +  ρgz1 = P2 +
1

2
 ρ 𝑣 2

2 +  ρgz2
 𝑣1 ≪ 𝑣2 𝑠1 ≫ 𝑠2

 
⇒

  𝑣1P1 = P2 = P0

ρgz1 = 
1

2
 ρ 𝑣 2

2 +  ρgz2  

g z1 = 
1

2
𝑣 2
2 + gz2

 
⇒ 
1

2
𝑣 2
2 = g z1 − gz2  

𝑣 2
2 = 2g (z1 − z2) ⇒  𝑣2 = √2gh  

h

𝑃1 +
1

2
𝜌𝑣1

2 + 𝜌𝑔𝑍1 = 𝑃2 +
1

2
𝜌𝑣2

2 + 𝜌𝑔𝑍2
𝑍1 = 𝑍2

𝑃1 +
1

2
𝜌𝑣1

2 = 𝑃2 +
1

2
𝜌𝑣2

2 ⇒

𝑃1 − 𝑃2 =
1

2
𝜌(𝑣2

2 − 𝑣1
2)  

𝑣1
𝑠1

𝑠2
𝑣2 =⇒𝑠1𝑣1 =

𝑠2𝑣2

𝑃1 − 𝑃2 =
1

2
𝜌 [(

𝑠1

𝑠2
)
2
𝑣1
2 − 𝑣1

2] =
1

2
𝜌 [(

𝑠1

𝑠2
)
2
− 1] 𝑣1

2

𝑠1 > 𝑠2 ⇒ 𝑃1 − 𝑃2 > 0 ⇒ 𝑃1 > 𝑃2 

 

 

𝑆1𝑣1 = 𝑆2𝑣2

 

 

𝑆𝑎 . 𝑣𝑎 = 𝑆𝑏 . 𝑣𝑏 

𝑣𝑏 > 𝑣𝑎

𝑆𝑏 < 𝑆𝑎
𝑣𝑏 < 𝑣𝑎

𝑆𝑏 > 𝑆𝑎

 

𝑆𝑎 . 𝑣𝑎 = 𝑆𝑏 . 𝑣𝑏 

𝑆𝑏 < 𝑆𝑎⟹ 𝑣𝑏 > 𝑣𝑎
 

 

 

𝑐 = 3 × 108 𝑚. 𝑠−1 

 𝒗  d 

 𝒕𝟎 

 𝒕 
 .

=  ×  

2𝑑 = 𝑐. 𝑡0
 
⇒  𝑡0 =

2𝑑

𝑐
(1) 

   =  ×   

𝑎𝑏 + 𝑏𝑐 = 𝑐. 𝑡 
 
⇒2𝑎𝑏 = 𝑐. 𝑡 

 
⇒ 𝑎𝑏 =

𝑐. 𝑡 
2

 

   =  ×   

𝑎𝑒 + 𝑒𝑐 = 𝑣. 𝑡 
 
⇒2𝑎𝑒 = 𝑐. 𝑡 

 
⇒ 𝑎𝑒 =

𝑣. 𝑡 
2

 

𝑎𝑏𝑒

(ab)2 = (ae)2 + (be)2
  
⇒
𝑐2.𝑡2 

4
=
𝑣2.𝑡2 

4
+ 𝑑2  

𝑐2.𝑡2 

4
−
𝑣2.𝑡2 

4
= 𝑑2

  
⇒𝑡2 (

𝑐2−𝑣2 

4
) = 𝑑2

𝑡2 =
𝑑2

(
𝑐2−𝑣2 
4

)   
⇒𝑡2 =

4𝑑2

𝑐2−𝑣2    
⇒ 𝑡 =

2 𝑑

√𝑐2−𝑣2
(2) 

(1)(2)
𝑡

𝑡0
=

𝑐

√𝑐2−𝑣2

𝑡

𝑡0
=

 1

 √(1−
𝑣2

𝑐2
)

  
⇒

𝑡

𝑡0
=

𝑐

√𝑐2(1−
𝑣2

𝑐2
)

=
𝑐

𝑐√(1−
𝑣2

𝑐2
)

𝛾 = 𝑡/𝑡0

𝛾 =
1

√1−
𝑣2

𝑐2
 
⇒𝛾 =

𝑡

𝑡0
> 1 

 
⇒ 𝑡 = 𝛾 𝑡0

 

 الخاصة    النسبية 
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▪ 

𝐿0𝑡

𝐿0 = 𝑣 𝑡

▪ 

L𝑡0
𝐿 = 𝑣 𝑡0  

𝐿0

𝐿
=

𝑡

𝑡0

• 𝑡 = 𝛾𝑡0
𝐿0

𝐿
=
𝛾𝑡0

𝑡0

𝐿 =
𝐿0

𝛾

𝐿

𝐿0
 

𝐸 = 𝐸0 + 𝐸𝑘  

𝐸0 = 𝑚0. 𝑐
2

𝐸𝑘 = 𝐸 − 𝐸0 

𝐸 = 𝑚. 𝑐2

𝒎 = 𝜸𝒎𝟎 

𝐸𝑘 = 𝐸 − 𝐸0 = 𝑚𝑐
2 −𝑚0𝑐

2 

𝐸𝑘 = (𝑚 −𝑚0)𝑐
2 

𝐸𝑘 = ∆𝑚𝑐
2 

∆m =
Ek

𝑐2

𝑐2

𝛾 =
1

√(1−
𝑣2

𝑐2
)

=
1

(1−
𝑣2

𝑐2
)

1
2

= (1 −
v2

𝑐2
)
−
1

2

𝑣 ≪ 𝑐
𝑣2

𝑐2
≪ 1 

𝜀 ≪ 1

𝛾 = 1 +
v2

2𝑐2
 . . . (∗)

𝐸𝑘 = 𝐸 − 𝐸0 = 𝑚. 𝑐
2 −𝑚0. 𝑐

2 = (𝑚 −𝑚0)𝑐
2 = (𝛾𝑚0 −𝑚0)𝑐

2 

𝐸𝑘 = (𝛾 − 1 )𝑚0𝑐
2 

(∗)

𝐸𝑘 = (1 +
v2

2𝑐2
− 1 )𝑚0𝑐

2 = (
v2

2𝑐2
 )𝑚0𝑐

2

𝐸𝑘 =
1

2
𝑚0𝑣

2

𝐿 =
𝐿0

𝛾
   ∶  𝛾  > 1 

 
⇒  𝐿 < 𝐿0  

 

𝑡 = 𝛾 𝑡0    ∶  𝛾  > 1 
 
⇒ 𝑡 > 𝑡0 

𝑚 = 𝛾𝑚0 ∶  𝛾  > 1 
 
⇒𝑚 > 𝑚0 

 

 

𝐸 = 𝐸0 + 𝐸𝑘 = 𝑚0𝑐
2 + 0 = 𝑚0𝑐

2 ≠ 0 

 

 الوحدة الثالثة: الأمواج المستقرة 

 

 
  

𝒙′𝒙⃗⃗⃗⃗⃗⃗ 

𝒏�̅�𝒎𝒕 

�̅�1(𝑡) = 𝑦𝑚𝑎𝑥𝑐𝑜𝑠 (𝜔𝑡 − 2𝜋
�̅�

𝜆
)     (1) 

𝒙′𝒙⃗⃗⃗⃗⃗⃗ 

𝒏�̅�𝒎𝒕 

�̅�2(𝑡) = 𝑦𝑚𝑎𝑥𝑐𝑜𝑠 (𝜔𝑡 + 2𝜋
�̅�

𝜆
+ 𝜑̅′)   (2) 

𝜑̅′̅𝑛 
 

𝜑̅′̅
   

𝜑̅′̅ = π rad 

𝜑̅′̅ = 0 rad

 

 

▪ 𝐴

 

 1 تجربة
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▪ 𝑁

 

𝜆/2

 

 

n

▪ 𝑛

(1)(2)�̅�𝑛(𝑡) 

�̅�𝑛(𝑡) = �̅�1(𝑡) + �̅�2(𝑡)

�̅�𝑛(𝑡) = 𝑌𝑚𝑎𝑥[𝑐𝑜𝑠 (𝜔𝑡 −
2𝜋

𝜆
�̅�) + 𝑐𝑜𝑠 (𝜔𝑡 +

2𝜋

𝜆
�̅� + 𝜑̅′̅)]

𝑐𝑜𝑠𝛼 + 𝑐𝑜𝑠𝛽 = 2𝑐𝑜𝑠
𝛼−𝛽

2
𝑐𝑜𝑠

𝛼+𝛽

2

�̅�𝑛(𝑡) = 2𝑌𝑚𝑎𝑥𝑐𝑜𝑠 (
2𝜋

𝜆
�̅� +

𝜑′

2
) 𝑐𝑜𝑠 (𝜔𝑡 +

𝜑′

2
)

𝜑̅′ = π rad

�̅�𝑛(𝑡) = 2𝑌𝑚𝑎𝑥𝑐𝑜𝑠 (
2𝜋

𝜆
�̅� +

𝜋

2
) 𝑐𝑜𝑠 (𝜔𝑡 +

𝜋

2
)

𝑐𝑜𝑠 (𝜃 +
𝜋

2
) = −𝑠𝑖𝑛𝜃

yn(t) = 2ymax(− sin
2π

λ
x̅). (− sinωt)

�̅�𝑛(𝑡) = 2𝑌𝑚𝑎𝑥𝑠𝑖𝑛
2𝜋

𝜆
𝑥 ̅𝑠𝑖𝑛(𝜔𝑡)

�̅�𝑛(𝑡) = 𝑌𝑚𝑎𝑥/𝑛𝑠𝑖𝑛(𝜔𝑡)

𝑌𝑚𝑎𝑥/𝑛𝑛𝑌𝑚𝑎𝑥/𝑛 = 2𝑌𝑚𝑎𝑥|𝑠𝑖𝑛
2𝜋

𝜆
�̅�|

𝐲𝐦𝐚𝐱⋰𝒏 = 𝟐𝐲𝐦𝐚𝐱 |𝐬𝐢𝐧
𝟐𝛑

𝛌
�̅�|

𝑁 �̅�

𝑌𝑚𝑎𝑥/𝑛 = 0⟹ 𝑠𝑖𝑛
2𝜋

𝜆
 𝑥 = 0  ⟹ 

2𝜋

𝜆
 𝑥 = nπ

𝑛 = 0,1,2,3…… ..𝑥 = 𝑛
𝜆

2

𝑁
𝜆

2

 𝐴

�̅�

𝑌𝑚𝑎𝑥/𝑛 = 2𝑌𝑚𝑎𝑥⟹ |𝑠𝑖𝑛
2𝜋

𝜆
 �̅�| = 1 ⟹

 
2𝜋

𝜆
 𝑥 =

𝜋

2
+ 𝜋𝑛  ⇒

2

𝜆
 𝑥 =

1

2
+ 𝑛⇒

4

𝜆
 𝑥 = 1 + 2𝑛 ⇒ 

𝑛 = 0,1,2,3……𝑥 = (2𝑛 + 1)
𝜆

4
 

𝐴
𝜆

2

𝜆

4

𝒂𝒃

𝒇𝟏 = 𝟏𝟎 𝑯𝒛 

1 𝒇𝟎

𝒇 < 𝟏𝟎𝑯𝒛 

𝑌𝑚𝑎𝑥 

2 𝒇 = 𝟏𝟎 𝑯𝒛

𝒀 > 𝒀𝒎𝒂𝒙 

 

3 𝟏𝟎 < 𝒇 < 𝟐𝟎 𝑯𝒛
  

 

4 𝒇 = 𝟐𝟎 𝑯𝒛  

𝑌 > 𝑌𝑚𝑎𝑥
5   

𝑓 = 40 𝐻𝑧𝑓 = 10 𝐻𝑧 
  

𝑓 = 𝑛𝑓1   𝑓 ≠ 𝑛𝑓1
 

𝑓 = 𝑛 𝑓1𝐿 = 𝑛
𝑣

2𝑓
𝐿 = 𝑛

𝜆

2
   
𝜆=
v

f
⇒  

𝑛 𝑛 = 1,2,3,4… ..𝑓 = 𝑛
𝜈

2𝐿

𝑛 = 1 ⟹ 𝑓1 =
𝑣

2𝐿

𝑛 = 1,2,3,4…𝑓 = 𝑛
𝑣

2𝐿
= 𝑛 𝑓1

𝒂

𝒃 
1 

 

2 𝒂𝒃

𝑎𝑏 

3 
𝝀

𝟒

𝝀

𝟒

▪ 𝐿 =
𝜆

4
𝑓1 =

𝑣

4𝐿
 

▪ 𝐿 =
3𝜆

4

𝑓1 = 3
𝑣

4𝐿
 

4 
(𝟐𝒏 − 𝟏) 

𝐿 = (2𝑛 − 1)
𝜆

4
  
𝜆=
v

f
⇒  𝐿 = (2𝑛 − 1)

𝑣

4𝑓
  

𝑛𝑛 = 1,2,3,4,… .. 

𝑓 = (2𝑛 − 1)
𝑣

4𝐿

(2𝑛 − 1) 

 

 

 2 تجربة

 3 تجربة
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𝒂

𝒃

𝑭𝑻
𝒇𝟏 = 𝟏𝟎 𝑯𝒛

1 

2 𝒇 = 𝒇𝟏 
𝑓𝑓1 

3  

 

𝐿 =
𝜆

2
𝑣 = 𝜆𝑓

𝒇 = 𝒏𝒇𝟏 

 
 

 
 

1 𝐹𝑇 

2 𝜇 

𝑣 = 𝑐𝑜𝑛𝑠𝑡√
𝐹𝑇

𝜇

(𝑐𝑜𝑛𝑠𝑡 = 1)

𝑣 = √
𝐹𝑇

𝜇

𝜇 =
m(𝑘𝑔)

𝐿(𝑚)
𝑘𝑔.𝑚−1

𝑭𝑻 
 

𝑓 = 𝑛
𝑣

2𝐿
=

𝑛

2𝐿
√
𝐹𝑇

𝜇
=

𝑛

2𝐿
√
𝐹𝑇𝐿

𝑚

▪ 𝑓𝐻𝑧 

▪ 𝐹𝑇𝑁 

▪ 𝐿𝑚 

▪ μ𝑘𝑔.𝑚−1 

𝑛

𝑳𝒎𝒔𝝆

 𝝁 

𝜇 =
𝑚

𝐿
=
𝜌.𝑉

𝐿
=
𝜌.𝑆.𝐿

𝐿
= 𝜌. 𝑆 = ρπr2

 

 
 

�⃗� �⃗� 

 
 

 

 

 
 

�⃗� 

𝜆

2
  

 

�⃗�  �⃗� 

 
 

 

o 𝑁𝐴
𝜆

2
 

o  
o  

 

1  

 
2  

𝑁𝑜𝑑𝑒𝑠

 

3  

𝐴𝑛𝑡𝑖𝑛𝑜𝑑𝑒𝑠
 

4  

5 
 

𝜆

2
𝜆

4

1  

 
2  

 

 
                      

1 

 4 تجربة

 5 تجربة

 1 نشاط

 6 تجربة
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2  

 
3  

 
4 

 

𝐿1 =
𝜆

4
 

5 

 

𝐿2 =
3𝜆

4
 

6   

∆L =
𝜆

2
 

7 

 

𝐿 =
𝜆

2
 

8 
 

𝐿 = 2
𝜆

2
 

9  

𝐿  .   𝑓 = 𝑐𝑜𝑛𝑠𝑡   
10  

2000𝐻𝑧 5000𝐻𝑧

20𝐻𝑧20000𝐻𝑧

11 

  𝐿 = 𝑛
𝜆

2
𝑛 = 1,2,3…

  𝐿 = (2𝑛 − 1)
𝜆

4
𝑛 = 1,2,3, … ..

 

1  

 

2  

 

1 

2 

1 
 

2 

𝐿
𝜆

2
, 2
𝜆

2
, 3
𝜆

2
, ……

𝐿 = 𝑛
𝜆

2

𝑛 = 1,2,3…… .. 𝜆 =
𝑣

𝑓

𝐿 = 𝑛
𝑣

2𝑓
 

𝑓 = 𝑛
𝑣

2𝐿
 

▪ 𝑓(𝐻𝑧) 

▪ 𝐿(𝑚) 

▪ 𝑣(𝑚. 𝑠−1) 

▪ 𝑛
 

𝐿
𝜆

4
, 3
𝜆

4
, 5
𝜆

4
……

𝐿 = (2𝑛 − 1)
𝜆

4

𝑛 = 1,2,3… ..𝜆 =
𝑣

𝑓

𝐿 = (2𝑛 − 1)
𝑣

4𝑓

𝑓 = (2𝑛 − 1)
𝑣

4𝐿

▪ 𝑓(𝐻𝑧) 

▪ 𝐿(𝑚) 

▪ 𝑣(𝑚. 𝑠−1) 

▪ (2𝑛 − 1)

 


