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This work aims to demonstrate quantum effects through three experiments. First, quantum 
electrical conduction in one dimension is studied. Indeed, the quantization of the conductance in 
a point contact interrupter was demonstrated. Then, light emission and absorption spectra of 
quantum dots in CdSe nanocrystals were recorded. Characteristic physical quantities such as the 
relaxation time and the size of the quantum dots were computed. These have various 
applications one of which are low-threshold lasers[1]. Finally, superconductivity was analyzed in 
a sensitive magnetometer based on Josephson effect: the SQUID. Its extreme sensitivity makes it 
ideal for studies in biology. Magnetoencephalography, for instance, exploits that feature to make 
inferences about neural activity inside brains[2].

Theory:
1D quantum conductance → Landauer-Büttiker formalism (ballistic electrons, no collisions) [3]

𝑮𝒏 =
𝟐𝒆𝟐

𝒉
𝒏 = 𝑮𝟎𝒏  with 𝐺0 = 7.75 ∙ 10−5Ω−1

Evidence of Quantum Conductance:

Theory:
• Quantum dots (QDs) = semiconductor nanocrystals behaving as a potential well. 

Their size → quantum confinement properties
• If a crystal has a microscopic size 𝑅 → free electrons and holes behave like quantum 

particles  in a potential well.

Evidence of Quantum Dots :

Theory:
• SQUID → sensitive magnetic detector.
• Two Josephson Junctions (JJ) in parallel on a closed 

superconducting loop
• Electrons can tunnel through the insulator 
 → Josephson Effect → quantum phase shift.
• Total magnetic flux through the loop is an integer 

multiple of the flux quantum 𝝓𝟎 = Τ𝒉 𝟐𝒆 [4]
• Modulation parameter:

▪ 𝜷𝑳,𝒊𝒏 =
𝟐𝑰𝒄𝑳

𝝓𝟎
 (inducive)

▪ 𝜷𝑳 =
𝟒𝑰𝒄𝑹𝑵

𝝅𝜟𝑽
− 𝟏 (𝑇 neglected) 

▪ 𝜷𝑳𝒄 =
𝟐𝑰𝒄𝑳

𝝓𝟎
=

𝟒𝑰𝒄𝑹𝑵

𝝅𝜟𝑽
𝟏 − 𝟑. 𝟓𝟕

𝒌𝑩𝑻𝑳

𝝓𝟎
− 𝟏 (corrected)

• A coil generates an external magnetic flux 
through the SQUID

• Periodic relationship between the voltage  𝑉  and 
the applied magnetic flux 𝜙

• Δ𝑉 → within expected range  i.e. between 10𝜇𝑉 and 30𝜇𝑉 

• 𝑇 = 77 K and 𝐿 = 73 pH inductance of the SQUID loop[5]
• When 𝐼 ≈ 0A (plateau) , JJ has no resistance

→ superconducting
• 𝐼𝑐 : 10 times lower  than predicted by manufacturer[5]

Evidence of Superconductivity:Squid

• Excitation energy at 1st level for CdSe 
crystal:

𝑬 ≈ 𝑬𝒈 +
𝒉𝟐

𝟖𝑹𝟐

𝟏

𝒎𝒆
+

𝟏

𝒎𝒉
−

𝟏.𝟖𝒆𝟐

𝟒𝝅𝜺𝑪𝒅𝑺𝒆𝜺𝟎𝑹

 𝐸𝑔𝑎𝑝= 1.72eV, 𝑚𝑒 = 0.13𝑚0 and 

 𝑚ℎ= 0.45𝑚0,  𝜀𝐶𝑑𝑆𝑒 = 10 F/m 

𝑮∗ =
𝟏

𝑹∗
=

𝑹𝟏 + 𝑹𝟐

𝑹𝟐𝑹𝟑
𝑼𝒊𝒏

𝑼𝒐𝒖𝒕
− 𝟏 − 𝑹𝟏 𝑹𝟐 + 𝑹𝟑

The experiment successfully demonstrated three quantum effects. Conductance levels 
were quantified in a point contact interrupter. The study of fluorescent nanocrystals 
of CdSe/ZnS showed the quantum confinement effect. Superconductivity and magnetic 
flux quantization were also observed in the SQUID through different characteristic 
curves. However, the critical current and the quality factors found empirically differed 
consequently from the tabulated values.

• 𝟗 levels identified

• At lower values of n, the levels appear more frequently (e.g. 𝑛 = 6 appear only
once) → Classical limit is attained

• Some values of n are not integer → not expected

• 𝑹 < 𝑹𝒕𝒂𝒃𝒖𝒍𝒂𝒕𝒆𝒅

• 𝜆𝑒𝑚  ⇒ 𝑅

• Decay time 𝝉 =
𝜞

𝟐𝝅𝒄
with Γ the 

FWHM

• The peak corresponding to the 
longest wavelength is the first 
absorption/excitation peak

• 𝜆𝑎𝑏𝑠 close to 𝜆𝑎𝑏𝑠,𝑡𝑎𝑏𝑢𝑙𝑎𝑡𝑒𝑑

• Stockes shift: 𝜆𝑒𝑚> 𝜆𝑎𝑏𝑠

• Stockes shift changes with the 
concentration → not expected

•  concentration  ⇒ 𝜆𝑎𝑏𝑠
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