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Foreword

The purpose of my visit to Daresbury Labs has been to gain experience in the
work environment and prepare myself for the future. However, over my two
weeks | have gained more than just experience, | have g&inedledge in the
field of superconductivity and cryogenics, the opportunity to be taken on a
tour of the scientific facilities here and also the chance to perform a fascinating
experiment involving levitation.
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thought about it much. However, | was still pleasantly surprised to find that it

really is a fantastic here and was an excellent place to come for work
experience.

The project assigned to me was to create a booklet aboutythimg | have
learned and done in my two weeks at Daresbury Lab. This was to include:
super conductivity, cryogenics, the uses and applications of low temperatures,
what is absolute zero, health and safety issues, an experiment and finally, the
history ofit all.

Overall the project was an extremely beneficial and enjoyable two weeks. The
tours were interesting, the experiments were entertaining, the atmosphere
was pleasant and although sometimes my eyes grew tired from large amounts
of writing, it was a mall price to pay to be able to have my work experience
here.

| would like to thank the staff at Daresbury Lab for being so considerate
towards my situation and just being generally kind. | would mainly like to thank

the lab staff for letting me use theliquid nitrogen and facilities and above all
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his way to help me on this project and to make my experience here at
Daresbury Labs as wonderful as it could be.

Alex Mason
271 May 2011
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Introduction

MRI Scanner[1]

The patient lies inside a large, cylindeshaped magne{2]. Radio wavesare
sent through the bodysurrounded by a magnetic field10,000 to 30,000
times stronger than the magnetic field of the earth This affects atoms
inside the body, forcing the nuclei into a different position. As they move
back into place they send out radio waves of their own. The scanner picks
up these signalsand a computer turns them into a picture[3]. These
pictures are based on the location and strength of the incoming signals.

Our body consists mainly of water, and water contains hydrogen atoms. For
this reason, the nucleus of the hydrogen atom is often used to create an
MRI scan in the manner described above.
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http://www.cancerhelp.org.uk/about-cancer/tests/mri-scan

The Large Hadron Collider (LHC)

The Large Hadron ColliderEO OEA x1 Ol A8 Oestener@yCA OO
particle accelerator. t is supposed to help address some of the most
fundamental questions of physics and has the potential to show what
happened after the big bang up to a billionth of a second

Built inside a tunnel 100 meters underground[4] in Geneva it consists of
2000 superconducting magnets[5] arranged in a 23 km long circld6]
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http://public.web.cern.ch/public/en/lhc/lhc-en.html
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http://lh6.ggpht.com/_drbQzPm4AmE/SWpCD34MlmI/AAAAAAAAAZU/5D6AcNAETj8/Collider.jpg

Atacama Large Millimetre Array (ALMA)

ALMA s the largest radio telescope ever constructefi7] which operates at
very high radio frequencies, between 30 and 1000 GHz at the higititude
Llano de Chajnantor site in Chile's Atacama desert. ALMA represents the
largest assembly of superconducting electronics ever built, and will allow
astronomers to observe cold regions of the niverse with unprecedented
clarity.
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http://www.stfc.ac.uk/News%20and%20Events/11627.aspx

MAGLEV

Maglev (short for Magnetic Levitation) trains[8] are an innovative form of
transport that uses magnets for levitation and propulsion. The highest
speed a Maglev train has ever reached is 361mph in Japan 2003. They have
the potential to be smoother, faster and as they do not burn fossil fuels they

are cleane.
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http://www.youtube.com/watch?v=TeS_U9qFg7Y

All these are the tools of Science and Technology of thes2dentury. They
help doctors to identify anomalies in human body andcure diseases like
cancer, scientists to explore the universe,engineers to build high speed
trains and supercomputers.

What dothey havein common?

They all work only at extremely low temperatures known asCryogenic
Temperatures , where all the known matter is frozen andbehaves very
differently.

| found myself lucky to spend two weeks at the Daresbury Laboratory as a
part of the work experience while studying GCSE. Two weeks near
Absolute Zero is a record ofmy experienceon ajourney to the exciting
world of Cryogenic Temperatures. Shrikant Pattevar took me on a guided
tour where | was fascinated tohandle liquefied nitrogen and perform an
experiment in Superconductivity.
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Cryogenics

Three states of matter

Matter exists in three statesz solid [9], liquid [10] and gas[11]. We see the
matter in all the three states around us: the air as gas, water as liquid and
many other objects made up oflgss,metal etc.as solids. Solidvhen heated
to high temperatures melts into liquid and liquid when heated further
turns in to gas. Similarly whena gas iscooled sufficiently it converts
(condenses) in to liquid and eventually freezes assolid.
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Solid Liquid Gas
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freezing point of water isequivalent to 27315 K. 100°C, theboiling point of
water is equivalent to 37315 K. @73.15°CG 1T O Orm lowdst
temperature than can be achieved

Such a temperature scale is called thAbsolute Temperature Scale on
which, the lowest temperature is K, and isalso knownasabsolute zero .
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http://en.wikipedia.org/wiki/Cryogenics

The air we breathe is made up of several gases.

Table 1z Composition of air

Nitrogen | Oxygen | Argon Carbon | Neon Helium | Krypton | Xenon
Dioxide

78.08% | 20.95% | 0.93% |0.03% | 0.0018% | 0.0005% | 0.0001% | 0.00001%.

Boiling point of gases

If the air is cooledsufficiently a temperature is reached when majority of
the gases in the airmainly nitrogen and oxygen condenseinto liquid.
There is hardly anything that can exist as a gas below such a temperature.
The temperaturesbelow about 100 Kare called cryogenic temperatures.

Table 2- Boiling point of gases

Gas Boiling Point in K | Boiling Point in°C
(Kelvin) (Celsius)
Chlorine 239.11 -34.04
Radon 211.25 -61.8
Xenon 165.03 -108.12
Oxygen 90.20 -182.95
Argon 87.45 -185.7
Fluorine 85.03 -188.12
Nitrogen 77.36K -195.79
Neon 27.05 -246.1
Krypton 20.85 -252.3
Hydrogen 20.28 -252.87
Helium 4.22 - 268.93
Page
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Among all the gases helium has a lowest boiling point of 4.2KLiquid
Nitrogen and liquid Helium are mostly used in creating very low
temperatures.
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Superconductivity

Zero Resistance

The phenomenon of superconductivity was discovered by Heike
Kamerlingh Onnes in 1911.Below a certain tanperature the electrical
OAOEOOAT AA T &£ A OOPAOAT T AOCALR]. @eroOOAAA
resistance means a large current can be circulated through a
superconducting wire without generating any heat at allThis is an amazing

property as very large magnets like those used in MRI can be built and run
without consuming any power at all. There are many materials which
become superconductor but the wires of NbTi and Nd$n are mostly used

to construct powerful magnets. These materials show superconductivity

below 10K, the temperatures which can only be achieved using liquid

helium.
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Helium is a rare and expensive gas. Liquefying helium is also an expensive
process. But operating the powerful superconductig magnets without
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http://teachers.web.cern.ch/teachers/archiv/HST2001/accelerators/superconductivity/superconductivity.htm

using any electrical power at all makes the whole process much cheaper.
Without the use of superconductivity the complex and ambitious
experiments like LHC at CERN and ALICE at Daresbury laboratory would
not be possible.

Accelerator and Lasers in Combined Experiments (ALICE
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Located under the famous Daresbury tower is ALICE3], an experimental
accelerator to develop and test the concepts of future particlaccelerators.
At the heart of ALICE are four Superconducting ddio Frequency (SRF)
cavities operating at 2K. Each avity consists of 9 cell14]. These cavities
are made from pure niobium.

The SRF cavities are kept cooled by a largest liquid helium rgferator in
the UK. It keeps the SRF cavities cool at 2K, day and night,cirgulating
liquid helium at the rate of200 litre s per hour. The refrigerator consists of
a series of heat exchangesontrol valves anda variety of sensors. All of
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http://www.stfc.ac.uk/ASTeC/17425.aspx

them are continuously monitored and controlled remotely by a computer
located in a control room[15].

High Temperature Superconductors

25 years ago a new familyof materials was discovered which showed
superconductivity at relatively higher temperatures- between 90K and
150K. These temperatures can be obtained by using liquid nitrogen, which
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uperconductivity at 100
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Heike Kamerlingh Onnes wins <
the race against James Dewar gt~ ) .
to liquefy helium (1908), then g
discovers zero resistance in ke r - “‘

mercury with Gilles Holst (1911) 1931

Wander Johannes de Haas and
Willem Keesom discover
superconductivity in an alloy

cannot occu

i _ J Walther Meissner and Robert

5 o | 74 \ Ochsenfeld discover that
[ ((({ I magnetic fields are expelled
| from superconductors. This
| 1 \ (

‘ “Meissner effect” means
I I that superconductors can be
levitated above magnets
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1935

Brothers Fritz and Heinz
London make a long-awaited
theory breakthrough,
formulating two equations
that try to describe how
superconductors interact with
electromagnetic fields
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