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COLLECTED: 

Q1. Zero point energy of harmonic oscillator from uncertainty principle: 

 If  ∆𝑝௫  is the standard deviation of measurement of  𝑝௫ then: (∆𝑝௫)ଶ = 〈𝑝௫
ଶ〉 − 〈𝑝௫〉ଶ = 〈𝑝௫

ଶ〉 



 Similarly if ∆𝑥 is the standard deviation of measurement of 𝑥 then: (∆𝑥)ଶ = 〈𝑥ଶ〉 − 〈𝑥〉ଶ =

〈𝑥ଶ〉 

 Now  𝐸 =
ೣ

మ

ଶ
+

ଵ

ଶ
𝑘𝑥ଶ  

 So  〈𝐸〉 =
〈ೣ

మ〉

ଶ
+

ଵ

ଶ
𝑘〈𝑥ଶ〉 =

(∆ೣ)మ

ଶ
+

ଵ

ଶ
𝑘(∆𝑥)ଶ =

(∆ೣ)మ

ଶ
+

ఠమ

ଶ
(∆𝑥)ଶ 

 Uncertainty Principle: (∆𝑥)(∆𝑝௫) ≥
ℏ

ଶ
 

 ⇒ (∆𝑥)ଶ(∆𝑝௫)ଶ ≥
ℏమ

ସ
 

 ⇒ (∆𝑝௫)ଶ ≥
ℏమ

ସ(∆௫)మ 

 Thus 〈𝐸〉 ≥
ℏమ

଼(∆௫)మ +
ఠమ

ଶ
(∆𝑥)ଶ 

 The r.h.s will be minimum if   
డ(..௦)

డ[(∆௫)మ]
= 0;   𝑖. 𝑒.   𝑖𝑓 −

ℏమ

଼(∆௫)ర +
ఠమ

ଶ
= 0;    𝑖. 𝑒.  𝑖𝑓  (∆𝑥)ଶ =

ℏ

ଶఠ
 

 So 〈𝐸〉 =
ℏమ

଼

ଶఠ

ℏ
+

ఠమ

ଶ

ℏ

ଶఠ
 

 =
𝟏

𝟐
ℏ𝝎 = 𝐳𝐞𝐫𝐨 𝐩𝐨𝐢𝐧𝐭 𝐞𝐧𝐞𝐫𝐠𝐲 𝐨𝐟 𝐪𝐮𝐚𝐧𝐭𝐮𝐦 𝐡𝐚𝐫𝐦𝐨𝐧𝐢𝐜 𝐨𝐬𝐜𝐢𝐥𝐥𝐚𝐭𝐨𝐫. 
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