
BOHR MODEL OF THE ATOM, AND 
FOURIER TRANSFORM  

Ch. 4: 6-7 



BOHR ATOM 
 Early quantum model of hydrogen 
 Works pretty well. (More in Ch. 7) 
 Combine classical model and 

proposed quantization of the 
electron’s angular momentum.  

 Derives energy levels for hydrogen: 
(memorize) 

𝐸𝐸𝑛𝑛 = −
13.6 eV
𝑛𝑛2

 

where n = 1, 2, 3 … is called the 
principal quantum number 



CH 4: 54 DUE THURSDAY (15OCT15)  



FOURIER TRANSFORM (MATH REVIEW?) 

 Complicated periodic 
wave forms are made of 
a sum of sine and 
cosines.  

 The sines and cosines 
have different k (k = 
2π/λ) with different 
amplitudes A(k).  

 The spectral content is 
the A(k) 



FOURIER TRANSFORM (MATH REVIEW?) 

 Remember the wave 
function is complex so 
we use 𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖 instead of 
sines and cosines.  

 For a non-periodic 
function such as a wave 
packet, requires a 
continuum of A(k).  

 So the sum becomes an 
integral. 



FOURIER TRANSFORM  

WAVE FUNCTION 

𝜓𝜓 𝑥𝑥 = � 𝐴𝐴(𝑘𝑘)𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑑𝑑𝑘𝑘
∞

−∞

 

ITS FOURIER TRANSFORM 

𝐴𝐴 𝑘𝑘 =
1
2𝜋𝜋

� 𝜓𝜓(𝑥𝑥)𝑒𝑒−𝑖𝑖𝑖𝑖𝑖𝑖𝑑𝑑𝑥𝑥
∞

−∞

 

 If Gaussian wave packet 

 𝜓𝜓 𝑥𝑥 = 𝐶𝐶𝑒𝑒−(𝑖𝑖/2𝜀𝜀)2𝑒𝑒𝑖𝑖𝑖𝑖0𝑖𝑖 
 

 Then transform A(k) is also a Gaussian.  

 𝐴𝐴 𝑘𝑘 ∝ 𝑒𝑒−[𝜀𝜀 𝑖𝑖−𝑖𝑖0 ]2 
 



INVERSE RELATIONSHIP 

 Leads to Heisenberg’s uncertainty 
principle 

 Δ𝑥𝑥 = 𝜀𝜀 and Δ𝑘𝑘 = 1
2𝜀𝜀

 for a Gaussian 

 Let’s multiply these together: 

 Δ𝑘𝑘Δ𝑥𝑥 = 1
2
 

 Of course, 𝑝𝑝 = ℏ𝑘𝑘so multiply both 
sides by ℏ to arrive at Δ𝑝𝑝Δ𝑥𝑥 = ℏ

2
.  

 Greater for other shaped wave 
packets.  



CH 4: 54 AND 58 DUE THURSDAY (15OCT15)  

1. Figures 4.23 and 4.25 are very 
helpful! 

2. Explain how  you collected 
data.  

3. Your sketches must be 
explained. Point out the 
important features.  
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