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𝛾

−

𝑡

𝑡0

𝛾 =
𝑡

𝑡0

𝑐, 𝑐
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𝑚0 = 𝑐

𝑝 =

1

√(1 −
𝑣2

𝑐2 )

 x 𝑚0𝑣

𝑝 =

1

√(1 −
(0.999 x 3 x 108)2

(3 x 108)2 )

 x 9.11 x 10−31 x 0.999 x 3 x 108

𝑝 = 6.11 x 10−21 kg m s−1

 𝑣 𝑐

𝑣 𝑐

 𝑣

𝑐

𝑣 𝑐

𝛾 𝑣 𝑐sa
mple



𝐹 =
Δ𝑝

Δ𝑡

𝐹 =

𝑚𝑎

(1 −
𝑣2

𝑐2)

3
2

= γ3𝑚𝑎 

𝑎 𝐹

γ3

𝑐

𝑐,

𝑐

𝑐 𝑐sa
mple



• 𝐹 =
1

4𝜋𝜀0

𝑞1𝑞2

𝑟2

• 

• '

'

𝐹 =
1

4𝜋𝜀0

𝑞1𝑞2

𝑟2

𝐹

𝑞1 

𝑞2 

𝑟

1

4𝜋𝜀0
'

'

𝜀0
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• 

• 𝑊 = 𝑞∆𝑉

𝐸𝑞 𝑑
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�⃗� = �⃗⃗�𝑞

𝑚�⃗� = �⃗⃗�𝑞

�⃗� =
�⃗⃗�𝑞

𝑚

�⃗� =
�⃗⃗�𝑞

𝑚

�⃗� =
5 x 106 x 1.6 x 10−19

1.673 x 10−27

�⃗� = 4.8 x 1014 m s−2
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𝐸 =
∆𝑉

𝑑

𝐸 =
500

0.05
   

𝐸 = 1 x 104 𝑉 m−1

 

�⃗� =
�⃗⃗�𝑞

𝑚

�⃗� =
1 x 104 x 1.6 x 10−19

1.673 x 10−27

�⃗� = 9.6 x 1011 m s−2

 

𝑠𝑉 = 𝑣0𝑉
𝑡 +

1

2
𝑎𝑉𝑡2

𝑠𝑉 =
1

2
𝑎𝑉𝑡2

𝑡 = √
2𝑠𝑉

𝑎𝑉

𝑡 = √
2 x 0.025

9.6 x 1011

𝑡 = 2.3 x 10−7 s

 

𝑣𝑉 = 𝑣0𝑉
+ 𝑎𝑉𝑡

𝑣𝑉 = 0 + (9.6 x 1011 x 2.3 x 10−7)

𝑣𝑉  = 2.2 x 105 m s−1
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𝐼
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𝐵 =
𝜇0𝐼

2𝜋𝑟

𝜇0

2𝜋
= 

• 𝐵 =
𝜇0𝐼

2𝜋𝑟

𝐵 =
𝜇0𝐼

2𝜋𝑟

𝐵

𝐼 

𝑟
𝜇0

2𝜋

𝜇0

𝐵 =
𝜇0𝐼

2𝜋𝑟

𝐵 = 2.00 x 10−7
1.5

0.5

𝐵 = 6 x 10−7 T

𝜇

𝑟 =
𝜇0𝐼

2𝜋𝐵

𝑟 = 2.00 x 10−7
500

22 x 10−6

𝑟 = 4.5 m
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𝐹 = 𝑞𝑣𝐵𝑠𝑖𝑛𝜃

𝐹

𝑞

𝑣

𝐵

𝜃 °

 

 

 

 

 

 

𝐹 = 𝑞𝑣𝐵𝑠𝑖𝑛𝜃

𝐹 = 1.6 x 10−19 x 1 x 105 x 0.4 x 𝑠𝑖𝑛90

𝐹 = 6.4 x 10−15 𝑁, vertically downwards

𝐹 = 𝑞𝑣𝐵𝑠𝑖𝑛𝜃

𝐹 = 1.6 x 10−19 x 2 x 106 x 0.5 x 𝑠𝑖𝑛90

𝐹 = 1.6 x 10−13 𝑁, vertically upwards
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• 

• 𝑟 =
𝑚𝑣

𝐵𝑞
𝑟 𝑞 𝑚

𝑣 𝐵

• 𝑟 =
𝑚𝑣

𝐵𝑞

𝑞𝑣𝐵 =
𝑚𝑣2

𝑟

𝑞𝑣𝐵 =
𝑚𝑣2

𝑟

𝑞𝐵 =
𝑚𝑣

𝑟

𝑟 = 
𝑚𝑣

𝑞𝐵

𝑟 =
𝑚𝑣

𝑞𝐵

𝑟

𝑚 

𝑣 

𝑞 

𝐵 
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𝑞𝐵𝑟

𝑚
=

2𝜋𝑟

𝑇

𝑞𝐵𝑟

𝑚
=

2𝜋𝑟

𝑇

𝑞𝐵 =
2𝜋𝑚

𝑇

𝑇 = 
2𝜋𝑚

𝑞𝐵

𝑇 =
2𝜋𝑚

𝑞𝐵

𝑇 =
2𝜋1.673 x 10−27

1.6 x 10−19 x 0.8

𝑇 = 8.2 x 10−8 s

𝑇 =
2𝜋𝑚

𝑞𝐵

𝑇

𝑚 

𝑞 

𝐵 sa
mple



𝑒𝑚𝑓 

𝑒𝑚𝑓. 𝑒𝑚𝑓 = 𝑁
Δ𝜙

Δ𝑡

• 

• 𝑒𝑚𝑓

• 

’
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𝑒𝑚𝑓 
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𝑁𝑝 𝑉𝑝

𝑁𝑠 𝑉𝑠

𝑉𝑝

𝑉𝑠
=

𝑁𝑝

𝑁𝑠

• 

• 

• 
𝑉𝑝

𝑉𝑠
=

𝑁𝑝

𝑁𝑠

𝑒𝑚𝑓

𝑒𝑚𝑓sa
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𝑣 = 𝑓𝜆

• 

• 𝑣 = 𝑓𝜆
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‘ ’

‘ ’

• 

(
1

2
𝜆)
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1𝜆

2𝜆

𝑚𝜆)

(𝑚 +
1

2
) 𝜆
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𝑑,

𝐿

𝐿 𝑑

∆

𝐿 𝑑 𝜃

𝜃 𝜃 °,

𝜃 𝜃

𝜃

𝑑𝑠𝑖𝑛𝜃 = 𝑚𝜆),

(𝑑𝑠𝑖𝑛𝜃 = (𝑚 +
1

2
) 𝜆)

𝑑𝑠𝑖𝑛𝜃 = 𝑚𝜆

𝑑

𝜃 °

𝑚 

𝜆 
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𝑑 𝐿 ∆𝑦

𝑡𝑎𝑛𝜃 =
∆𝑦

𝐿

∆𝑦 𝐿 𝜃 𝜃 𝜃

𝑠𝑖𝑛𝜃 =
∆𝑦

𝐿

𝑚𝜆

𝑑
=

∆𝑦

𝐿

𝑚

Δ𝑦 =
𝜆𝐿

𝑑

Δ𝑦

𝜆

𝐿 

𝑑 
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 𝑁 𝑑

𝜆

𝑁 𝑁

Δ𝑟 𝑑 𝜃 Δ𝑟 𝑑 𝜃

𝜃 Δ𝑟 𝑑 𝜃 𝑚𝜆 𝑚

𝑚

𝑁

𝑁

𝜃 𝑑 𝜃 𝜆
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𝑁 (𝑑 =
1

𝑁
)

𝑑 =
1

𝑁

𝑑 =
1

500 x 103

𝑑 = 2 x 10−6 m
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𝑓0

𝑊

𝑊 = ℎ𝑓0

• 

𝐸𝐾max
= 𝑒𝑉𝑠

• 

•  𝐸𝐾max
= ℎ𝑓 − 𝑊 𝐸𝐾max

• 

𝐸𝑘max
= ℎ𝑓 − 𝑊

• 𝐸𝐾max
= ℎ𝑓 − 𝑊
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𝑓 ( x 1014 Hz) 𝐸𝐾max (x 10−19 J)
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⎯ 

⎯ 𝑓max =
𝑒∆𝑉

ℎ
∆𝑉

⎯ 

• 

• 

• 

• 𝑓max =
𝑒∆𝑉

ℎ

• 𝑓max =
𝑒∆𝑉

ℎ

ö

ö

ö

ö

ö

−
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“ ”

sa
mple



𝑓max

𝑒∆𝑉

𝑒∆𝑉

∆𝐸 = ℎ𝑓max

𝑒∆𝑉 = ℎ𝑓max

𝑓max =
𝑒∆𝑉

ℎ

𝑓max =
𝑒∆𝑉

ℎ

𝑓max =
1.6 x 10−19 x 35 x 103

6.63 x 10−34

𝑓max = 8.45 x 1018 Hz
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𝜆 =
ℎ

𝑝
 ℎ

𝑝

• 𝜆 =
ℎ

𝑝
 

• 

• 

• 

−   

“ ”

𝜆 =
ℎ

𝑝

𝜆

ℎ 

𝑝

𝜆 =
ℎ

𝑝

𝜆 =
6.63 x 10−34

1.675 x 10−27 x 2 x 103

𝜆 = 1.98 x 10−10 m
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𝑑

𝑚 = 1

𝑑𝑠𝑖𝑛𝜃 = 𝑚𝜆sa
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°

°
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ℎ𝑓

ℎ𝑓 = 𝐸𝑖 − 𝐸𝑓

𝐸𝑖 − 𝐸𝑓 = ℎ𝑓

𝐸𝑖 − 𝐸𝑓 = ℎ
𝑐

λ

𝐸𝑖 − 𝐸𝑓 =  
6.63 x 10−34 x 3 x 108

656.3 x 10−9 x 1.6 x 10−19

𝐸𝑖 − 𝐸𝑓  = 1.89 eV
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• 
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• 

𝑒

p

n

Λ0

Ω− sss −

Σ+ −

Σ− − −

Σc
0 −

Σb
+

Ξ0 −

Ξ− − −

sa
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𝑒

π+ ud̅

K+ us̅

K0 ds̅

D0 cu̅ 

D+ cd̅ −

Ds
+ cs̅ −

ηc cc̅ −

ρ+ ud̅ −

B0 db̅ −

𝑒 − 𝑒

π+

p = (+
2

3
) + (+

2

3
) + (−

1

3
) =  +1

π+ = (+
2

3
) + (+

1

3
) =  +1
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𝐿 𝐵

𝑒

n → p + 𝑒− + ν̅𝑒 
 

𝐿 0 → 0 1 −1

𝐵 1 → 1 0 0

𝑒 0 → +1 −1 0

K− + p → K+ + p̅ 
 

  

𝐿 0 0 → 0 0

𝐵 0 1 → 0 −1

𝑒 −1 +1 → +1 −1

𝜇− → ν𝜇 + e− + ν̅𝑒 
 

  

𝐿 1 → 1 1 −1

𝐵 0 → 0 0 0

𝑒 −1 → 0 −1 0

𝐿𝑒 0 → 0 1 −1

𝐿𝜇 1 → 1 0 0
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p → 𝑛 + 𝑒+ + ν𝑒 
 

𝐿 →

𝐵 →

𝑒 →
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𝐸 = Δ𝑚𝑐2

Δ𝑚 =
𝐸

c2

Δ𝑚 =
(8358.75 x 106 x 1.6 x 10−19)

(3 x 108)2

Δ𝑚 = 1.486 x 10−26 kg

𝑚 =
Δ𝑚

2

𝑚 =
1.486 x 10−26

2

𝑚 = 7.43 x 10−27 kg

p → n + 𝑒+ + 𝜈𝑒 

 

𝐿 → −

𝐵 →

𝑒 →

𝐸 = Δ𝑚𝑐2

𝐸 = (9.11 x 10−31) x (3 x 108)2

𝐸 = 8.20 x 10−14 J

𝐸 =
8.20 x 10−14

1.6 x 10−19

𝐸 = 5.12 x 105 𝑒𝑉

𝐸 =
5.12 x 105

1 x 103

𝐸 = 512.4 k𝑒𝑉

𝐸 = Δ𝑚𝑐2

Δ𝑚 =
𝐸

c2

Δ𝑚 =
(211.32 x 106 x 1.6 x 10−19)

(3 x 108)2

Δ𝑚 = 3.757 x 10−28 kg

𝑚 =
Δ𝑚

2

𝑚 =
3.757 x 10−28

2

𝑚 = 1.88 x 10−28 kg
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