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“Laboratory Work in Physics B4” -- Handout No.4

Your name ( ) Oct 31, 2016 (Mon.)

1. Synthesis of YBCO (3) - After the second heating

Weighing

Take the crucible out from the furnace at 200°C. Weigh “crucible + sample + cap” and “crucible +
sample”.

Weigh also the crucible only and cap only. (Nevertheless, these values are not probably reliable, since
the weight of these may have changed by stuck materials.

HOMEWORK: Calculate the value of & = This should be explained in the mid-term presentation.

Separating and storing pellets

Observe how the pellets look. Write down to the lab notebook anything you noticed. Take photos if
necessary.

Since pellets are stuck each other, separate them by using a utility knife and tweezers. Try not to
break the pellets. This should be done on a paper or in a plastic bag to avoid loss of samples.

Put pellets to small plastic cases. Store the “bed” pellet separately. Put labels with information such
as “year”, “1st/2nd semester”, “group”, “material name (e.g. pure YBCO)”.

Plastic cases should be stored in a “lunch box” with rubber seal. Since YBCO gets degraded by
moisture, pellets should be stored together with silica gel beads.

Write “year” and “1st/2nd semester” onto the “lunch box”

Cleaning

Crucibles and caps will be cleaned by TA (Nitric acid — bake at 1300°C)

2. Caution for the use of liquid nitrogen

Cautions
(1) Low temperature — Be careful for frostbite: use leather gloves

(2) Liquid = Rapid and vast increase of volume when evaporates

Pay more attention:
Don’t allow LN, to go into your eyes, = Keep your eyes far and high
Don't touch cooled metals,
Don't allow LN; to soak into your clothes.

Don’t seal LN, into an air-tight container,
Be careful for oxygen deficiency (Keep air ventilation, do not bring your face
too close)
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3. Quick check of superconductivity
(1) Put a copper block in a plastic tray. Pour LN2.
— How does the evaporation of LN2 change?
A. The evaporation is strong and then gets weaker.
B. The evaporation is weak, gets stronger, and then becomes weak in equilibrium.

C. The evaporation strength does not change.

(2) Once the copper block is cooled to 77 K, put a YBCO pellet. Then put a Nd-based magnet.

— How high does the magnet levitate? Measure the height.

(3) Take the YBCO out and warm up to kill superconductivity. Next, first put a magnet then cool the YBCO
and magnet together by putting on the copper block.

— How high does the magnet levitate? Measure the height.

(4) Try many, such as, exchanging poles of the magnet, rotating magnet, etc.

(5) Measure the weight of the magnet.



4. Mechanism of the magnetic levitation
OMeissner effect = The magnetic flux density B = 0 inside a superconductor ] ||

— A superconductor and a magnet always

OHowever, the Meissner effect alone cannot explain the levitation

— For levitation, an additional force is required. 1] 1 1

OWhen a type-Il superconductor is placed in a magnetic field between the lower critical field Hc1 and the
upper critical field Hc2
Penetration of magnetic flux (= the mixed state)

— Its magnitude: @q = = Wb

[Principle of the quantization]

Superconductivity: All electrons in the sample obey one wavefunction.

XWavefunction — Complex function with degrees of the freedom and

of the wavefunction (WF)

— Integration of ¢ along any closed path is an multiple of

Relation between the phase of the WF, the electric current J, and the vector potential A:

By integrating the equation above along a closed path with J = 0, we have




OFeatures of quantized vortices:
At the center, cannot be defined, is zero
(Singular point in a mathematical point of view)

X The right figure illustrates the amplitude || (height) and

the phase (color) of the superconducting WF around a vortex

OQuiz:

How do vortices penetrate a superconductor with impurities, in which superconductivity is unfavored.
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® impurities

vortices
OMechanism of the magnetic levitation
Quantized vortices penetrating a superconductor are at impurities
— Some is required to move a vortex. This leads to a force to change in

the magnetic-field distribution.

Summary:
Magnetic levitation is realized due 1o a combination of important properties of
superconductivity, such as the Meissner effect, flux quantization, and vortex

pinning.

ONotes:
1. Let's see the behavior of a superconductor with much stronger pinning.
2. Can you explain why a levitating magnet can rotate on a superconductor? Also, can you explain a
famous demonstration of running a superconductor on a rail of magnets (search for “Magnetic
levitation train”).

3. Let’s see levitation only due to the Meissner effect.



Appendix -- Japanese-English list of technical words for deeper communication!

HyB—F+42 cutter knife utility knife

Eis tou-shou frostbite

i34 san-ketsu oxygen deficiency
B kanki ventilation

MxiFL jiki-fujo magnetic levitation
TR jisoku magnetic flux
WREE jisoku-mitsudo magnetic flux density
HEER uzu-ito vortex (pl. vortices)
N LY fujun-butsu impurity

—{Hit4 ikka-sei single-valuedness




