
Third Lecture 
1.7 Electron Diffraction 

According to de Broglie, the particles have a wave nature with 
their wavelength given by 

𝜆 =
ℎ

𝑝
 

This can be demonstrated by observing the electron 
diffraction. (figure1.9) Hence, the electron momentum can be 

calculated using 

𝑃 = 2𝑚𝐸𝑘 

where m is the electron rest mass and 𝐸𝑘 is the kinetic energy 
of electron. 𝐸𝑘 is given by accelerating them through a 

measurable electron Potential. 
𝐸𝑘 = 𝑒𝑣 

𝑒 𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒  𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 = 1.6 × 10−19 𝐶 

𝜆 =
ℎ

𝑝
=

ℎ

2𝑚𝐸𝑘
=

ℎ

2𝑚𝑒𝑣
……..(1.51) 

V: electric potential 
 



2𝑑 sin 𝜃 = 𝑛𝜆 …..1.52 

Bragg scattering  

d: The spacing between Braggs planes 
n= integer 



• 1.8 Heisenberg Uuncertainty Principle 

• Consider a measurement of position of an 
atomic particle of mass. If it has to be located 
within a distance ∆𝑥 then the light with a 
wavelength of the size of particle should be 
used to illuminate it for the particle to be 
seen. A photon must be collide in some ways 
with a particle, then, the photon will pass 
right through  and the particle will appear 
transparent.  

 



• The photon has a momentum of  𝑃 =
ℎ

𝜆
 and 

during the collision some of its momentum 
will be transferred to the particle. The particle 
location leads to change in its momentum. If 
the particle is located more accurately, the 
light leads to change the momentum of 
particle and becomes greater. A careful 
analysis of this process was carried out by 
Heisenberg, who showed that it is not possible 
to exactly determine how much momentum is 
transferred to electron. 

 



• This means that if a particle has to be located 
within a region 𝛥𝑥 , then this confirms 
uncertainty in the momentum of particle. 
Heisenberg was able to show that the  𝛥𝑃  is 
the uncertainty in the momentum as follow. 

• 𝛥𝑥.  𝛥𝑃 ≥
ℎ

4𝜋
  𝑜𝑟 

ℎ

2𝜋
  𝑜𝑟 ℏ ………(1.53) 

•  𝑖𝑓   𝛥𝑥 𝑖𝑠 𝑠𝑚𝑎𝑙𝑙𝑒𝑟  ⟹    𝛥𝑃   𝑔𝑟𝑒𝑎𝑡𝑒𝑟  

•    𝛥𝑥 𝑖𝑠  𝑔𝑟𝑒𝑎𝑡𝑒𝑟  ⟹    𝛥𝑃   𝑠𝑚𝑎𝑙𝑙𝑒𝑟  

 



• Solved problem  

• - Calculate the uncertainty of position of a body 
of mass 500 kg moving with a speed of  
50 +  0.001 𝑘𝑚/ℎ𝑟 

• Solution: 

• 𝛥𝑥.  𝛥𝑃 ≥
ℎ

4𝜋
⟹  ∆𝑥 =

ℎ

4𝜋∆𝑝
=

ℎ

4𝜋 𝑚 ∆𝑉
 

• =
6.6×10−34 𝐽.𝑆

4×3.14×5×10−2×2.77×10−4 𝑚/𝑠
= 3.779

× 10−2 𝑚  

• This value is very small distance, then, it is 
negligible comparing with  the mass and velocity. 

 



• Test your understanding: What is the 
uncertainty of momentum of an electron in an 
atom in order that 𝛥𝑥 becomes 52.9 pm, and 
discuss the result with electron speed in H-
atom.  



• 1.9 State Function 

• Suppose that the wave moves in x direction 
according to the following equation  

 

where 

𝑘 =
2𝜋

𝜆
 (𝑤𝑎𝑣𝑒 𝑁𝑢𝑚𝑏𝑒𝑟) …….(1.54) 

𝜔 = 2𝜋𝜐 (𝑎𝑛𝑔𝑦𝑙𝑎𝑟 𝑓𝑟𝑒𝑞 )……..(1.55) 
𝜆 𝑖𝑠 𝑡ℎ𝑒𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔ℎ𝑡  



• The 2nd derivative of the above equation with respect to x 
is. 

•
𝜕𝑦

𝜕𝑥
= 𝑘𝐴 cos 𝑘𝑥 − 𝑤𝑡  

•
𝜕2𝑦

𝜕𝑥2 = −𝑘2𝐴 sin 𝑘𝑥 − 𝑤𝑡  

• ∴
𝜕2𝑦

𝜕𝑥2 = −𝑘2𝑦…..A 

• The 2nd derivative with respect to t is 

•
𝜕𝑦

𝜕𝑡
= 𝑤𝐴 cos 𝑘𝑥 − 𝑤𝑡  

•
𝜕2𝑦

𝜕𝑥2 = −𝑤2𝐴 sin 𝑘𝑥 − 𝑤𝑡  

• ∴
𝜕2𝑦

𝜕𝑥2 = −𝑤2𝑦….B 



• By dividing Equation B on Equation A will get 

•

𝜕2𝑦

𝜕𝑡2

𝜕2𝑦

𝜕𝑥2

=
𝑤2𝑦

−𝑘2𝑦
=

𝑤2

𝑘2  

• ∴
𝑤2

𝑘2 =
2𝜋𝜐 2

2𝜋

𝜆

2 = 𝜐2𝜆2 = 𝑉2 

• ∴
𝜕2𝑦

𝜕𝑡2

𝜕2𝑦

𝜕𝑥2

= 𝑉2 

 



• ∴
𝜕2𝑦

𝜕𝑡2 = 𝑉2 𝜕2𝑦

𝜕𝑥2…1.56 

• Where V is the wave velocity. 

• Equation (1.56), however, is a 2nd order 
differential equation and its solution can be: 

• 𝑦 = 𝐴 𝑠𝑖𝑛 𝑘𝑥 − 𝑤𝑡  

• 𝑦 = 𝐵 𝑐𝑜𝑠 𝑘𝑥 − 𝑤𝑡     𝑂𝑟 

• 𝑦 = 𝐴 𝑠𝑖𝑛 𝑘𝑥 − 𝑤𝑡 +  𝐵 𝑐𝑜𝑠 𝑘𝑥 − 𝑤𝑡  

• ∴ 𝑦 = 𝐶𝑒 𝑖 𝑘𝑥 − 𝑤𝑡 …..1.57 

 

 

 



• Equation (1.57) represents the exponential solution of 
Equation 3. K and 𝜔 can be modified to be in terms of 
particle momentum P and energy E respectively, by 
applying de Broglie hypothesis.  

•
𝜆

1
=

ℎ

𝑝
 

•
𝜆

2𝜋
=

ℎ

2𝜋𝑝
       , 𝑤ℎ𝑒𝑟𝑒 ℏ =

ℎ

2𝜋
𝑎𝑛𝑑 𝑘 =

2𝜋

𝜆
 

• ∴
1

𝑘
=

ℏ

𝑝
⟹ 𝑘 =

𝑃

ℏ
….c 

• υ =
𝐸

ℎ
 

• 2𝜋𝜐 =
2𝜋𝐸

ℎ
 

 

 



• ∴ 𝑤 =
𝐸

ℎ
 …….D 

• Substitute Equations C and D in Equation (1.57) we get. 

• ∴ 𝑦 = 𝐶𝑒 
𝑖

 
ℏ 𝑥

𝑝𝑥

ℏ
−

𝐸

ℏ
𝑡  

• 𝑙𝑒𝑡 𝑦 = 𝜓 𝑥, 𝑡   𝑤𝑎𝑣𝑒 𝑓𝑢𝑛𝑡𝑖𝑜𝑛.  

• 𝜓 𝑥, 𝑡 = 𝑐𝑒
𝑖

ℏ 𝑥𝑃𝑥 − 𝐸𝑡  
• Where 𝜓 𝑥, 𝑡  is the wave function or state function 

because of described the motion of material wave in 
speed of  in 𝑉 = 𝜐𝜆 𝑖𝑛 𝑥 direction and accompanying 
with particle has momentum 𝑃𝑥 and energy E. 

• 𝜓 𝑥, 𝑡 : can be called probability density because of it 
can be used to determine the probability of particle 
Presence in any point or in any region. 
 



– Hypothesis of quantum Mechanic 

• *Wave Function: represents the dynamic state of 
moving particle in terms of wave function or 
probability density  𝜓 and often 𝜓 𝑥, 𝑡  is a complex 
function and represents the complex conjugate 𝜓𝑥.  

•  Then if 𝜓1, 𝜓2, 𝜓3 are a wave function then the linear 
sum represents other dynamic state. 

• 𝜓 𝑥, 𝑡 = 𝐶1𝜓1 + 𝐶2𝜓2 + 𝐶3𝜓3 + ⋯ 

• Where 𝐶1, 𝐶2, 𝐶3… Probability density of particle 

• in state of 𝜓(𝑥, 𝑡) 1,2,3, … and can be called weight 
state.  

• The Properties of wave function has single value. 

 



• Example: if 

• 𝑦 = 𝑥2 + 𝑥 − 3 

• 𝐼𝐹  𝑥 = 1 ⟹  𝑦 = −1, 𝑎𝑛𝑑 𝑖𝑓 𝑥 = 2 ⟹ 𝑦 = 3 

• Any value of 𝑥  Give us one value off function(𝑦). 

• The state function is specific not infinite 

• 𝜓 ≠  ∞ 

• Continuous: The function called eign value of single 
value and Continuous at point 𝑋 = 𝑎 when 

• lim
𝑥→𝑎

𝜓 𝑥 𝑒𝑥𝑖𝑠𝑡 𝑓𝑖𝑛𝑖𝑡𝑒  

• 𝜓 𝑎  𝑓𝑖𝑛𝑖𝑡𝑒 

• lim
𝑥→𝑎

𝜓 𝑥 = 𝜓 𝑎  

 



• Example: 

• 𝜓 𝑥  = 𝑦 = 𝑥2 + 𝑥1 

• lim
𝑥→1

𝜓 𝑥 =
𝜕𝑓

𝜕𝑥
= 2𝑥 + 1 = 3 

• 𝜓 1  = 3   

• lim
𝑥→1

𝜓 𝑥 = 𝜓 𝑥  

• 3 = 3 

• 𝜓 𝑥  = 𝑥2 + 𝑥𝐻 is a continuous function  

• Differential acceptable.  

 


