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Avicenna

(c. 980 — 1037)

Persan polymathc the foremost physician and

philazopher of his time. He was also an asironomer, !
chemisl, geslogist, logician, palkeontologisL. mathemabician,

He mvented the refrigeramon col, which
conderses aromatic vapors.

Thi= was a breakihrough in dissllation
technology and he made wse of it in his
=h=am distillation process 1o segarabe
fEmgerdbung sarmithve malenal and
produce essaential agils.

Nicolas Leonard Sadi Carnot
(1796 — 1832)

* Proposed Carnot Engine in
1824 on which Carnot Cycle
was modeled

+* From Carnot Cycle came the
concept of Heat Pump which

follows Carnot Engine working
in reverse (Carnot Cycle anti-
clockwise)

+ Later in 1852 Lord Kelvin built
the first Heat Pump

* Thomson inst2ad suggestad dhat it was the

Development of the Kelvin Absolute

Temperature Scale

Lord Foelvin) was
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when a zas is codled by one degree Celsmsz,

it‘a.t'nlugﬁisedmmhj;lﬂﬂ =

— Thiz would lead to zero vohmmes at -273°C
— How can matter exist without taking up
zpaca?

anergy of motion that decraased with

temparaturs
— At -173°C, the molecules ceaze motion
and ezzentially not take up space

— He called -273°C absolute zero bacauszs

Lird Kiclvan

no further temperanmre reduction iz
pozzible. This later became knowm az 0
Kelvin. i AT

Ligustsotion of Oxypgan

Liguid conegen i i Bouid form of elamant Joygen. In nowsdays il B widsly used

in maany Solds.

Ligisefarfon of substamce Tal nomaly &dsls a5 gas dales hack &o thie 180 canbury.
Thiz first sucoessiul abempt was made by a Fremch maihemabican Gaspard Monoe,
winio: ligertied sutfur diceide in 1784, In tha following decadas, paofls SUcoandad

in lyjuety many qases, bul none of Tham s sk b0 Bgue®y consgen gas. In e

labe 15£05, Irish physical chamist Thamas Andnews siaadeshod thal avery Gos has a
precEe lermparaiiae, which is the critical Temperaborne. Abova the emperaione oo
canmof be Fowedad even under gneal prassung. Folowimd Andrews idea, sclanlist
Caime up wilh the idea of using 'cascades’ process b gel 0w lemperalure. In this
mathod, one liguafied gas B wsed do ool ardother gas wikh owar criical temparaiune
aird 80 an. By using i cescads prooess, Fremch phivsicist Louls Padl Cailahet
ligualied hree gases, axygen. nirogen and carbon maonoxica,

Blow liguid axygen is playing & signilicant rola in both indusiry and msaanch
Compare with coygan gas, louid cxpgen is much aasks bz store and ranspart

Ligisd conygen i shored in hospialks for pabenls with breathing probibkesss. His
Sz used as oxidizar in indusiry, such as producing ion and many other maktals

Furhermorn, liquid oxygen is used as oxidizar in spacecraft such as rockals. Withaut
liguitaction of cowIan, omne canmot nrowide anogh axyisen wEh ssch limibed

space and carmdl pul rocket inhs S

Liguetacon of axygen is an important avant in tha kistony. It was ana of B human
first gtiempls o hyePy ‘parmanent gas’. Liguid axygen akso Serves as an

important subslance loday.

Dewar, Sir James

(1842 — 1923)

Sooltesh chemist and physicist best kndawn for Bis sor willh low-
lemperaiure phenomena.

He studied the specic heat of | rliul ars wcas e first persan 1o
produce lyydrogen in ligued form [18588) and 1o salidify & (1359).

He construcied & madhine for praducn uid oxygen n Bnge =
guaniities in 1881 and !'.-l.IL'EEqu..EIﬂ|!|' iw?eli#ud 1I'|E!IEI?|:mr I'h?l-: ar '
thermos in 1892,

The Dewar Mask = & comtaner for storing hot or cold J &
subistances. |t consists of wo Masks [wually glass), one

mside the other, =eparsted by & vacuum that reduces

the rarsfer of heat, preventing & lemperatuns e gl —
Ak i
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Sir James Dewar
(1842-1923)
Invented Vacuum flask in 1892
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Why vacuum? L ~ size




James Dewar

Invanled & silvered, dodibile walkd, glass
vatuum wessal 1o contain cryogenic louids
T tha Tirsl dmie, foe nedabvely King periods
before By evaporaied.

Mosl widaly oroan in connectom with his
Wk on tha liquiataclion of the so-called
parmanant Jakes and his reseshos ol
haimpaaiabunes approsohi ng sbeodubs 2ano.

His work was used 1o help creabs vapor-
podbked radiabon shiebds smd muliayar
insdatians

Faoeivad Hodgkirs Gold Madad for
Fiis work on D d corpgen amd guid
Fiydiroegai

1842-1923

Impariant @avenls nthe hissory of civilzatian, redabsd o crsogenics

= Commmonly ised crvogenic refigerant in physkcs
SHPETImETls and S0 atnns
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= ool doran boesshess slperconducting maghirls
issaad in ProeceEm Gechnodogecal apphoabors

The Discovery of
Superconductivity

"IECCYETED

Frad 4o prove Tacla
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Heike Kamerlingh Onnes
Superconductivity was discovered in 1911.

» H. K. Onnes was studying the
resistance of mercury using the
recently-discoverad liquid helum
as a refrigerant

- men mEr'l:l-lr!'r Was ED'DEH Unlikc u momal '\-|'_F.-\.'.II;'_:III.'|I|.' Mux

m1|I'|||'I'I tu 42 H:. hE ﬂbﬁ.EI".l'aj tha‘tl.'.ll.'l penclrulc & suparrunduaciing slaic
the resistance abruptly
disappeared.

« Superconductors show a

property of perfect
diamagnetism, which is called
the Meissner Effect

=

bessner effeci: leviiotion of o

P dret abwind® o :-ur-u.'r.'n.'-rrill.'mr

Heike Kamerlingh Onnes
the first person to lquify helium

21 Nl 10PN o T el TR

ram 1871 1o 1873, Ha sluded under Robet Gunden and Gustay Kirghho® at the
niversity of Heidelberg

r 1508, Heike Kamradingh COnmnes successhdly bquifed Belum by usng Be Jouks-
hoemson affest He peaened the emperaiure o less than one degree abowe absakiin
ero hf That bhme 1his was 1he coldest Semperabone achieved on sarth

Discovery of Superconductivity and lts Applications

(3 Kamerlingh Onnes first ligquefied heliom-4, which led 1o
his di-;:,gruq-r:.r af Type | -;J_||:-|_"qr|ru;l,|-:_[i'.rll_:.r (Aot possible fior
applications because of low T, and H.) in

. discovery of type || superconductor with higher - and

H., making applications possible

Lo

- discovery of ceramic high temperature superconduciors
(HIS) with T above the liquid nitrogen boiling point

» Current applications: superconducting magnets used in MEI
and NMRE machines, particle acceleraters, SQUIDS, magnetic
levitation; HTS wires, etc.

» Fossible future applications: high performance transformers,
powier storage devices, electric power transmission, electric
motors, elc




Discovery of Superconductivity

= Heike Kamerlingh
Onnes

« Made possible by
the recent
discovery of liquid
helium as a
refrigerant

= First discovered

super conductive
material: Mercury

1933: Temperature of 25K
Reached

=Several groups weare able to
cool past 3K with magnetic
coaling.

=The technique uses adiabatic
demagnetization. First
suggested oy Debye [1825)
and Gigugue (1927).

=The process is in use today
both in industry, where it has
been adapted to work at room

temperature, and in research,
wihere substances can be

1 1 s e Loy s il
cooled to micro Belvin. b b A

it e il ipidi o onpfel KA ASonEn refrigerakion

Magnetic Refrigeration

W. F. Giauque and D. P. MacDougall,
1933

Temperature change
in materal caused by
changing magnetic
fiald via the magneto-
caloric effect.
Giauque used alloys

of gadodinium. -
K-

18949 Mobal Frins in
Chamising

Magnetic Cooling
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* Independenthy theorized by Debve mn 1924
and Giawgue in 1927

» Adibatic demamnetization first demonstratzd
by (anque m 1933

= Allowed for temperaturas balow 1K to ba
reached for the first time

Willeem Framees (insiygus

11s Bebarnal Limans

Magnetic refrigeration
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Tupolev Tu-155

Russian Tupoday creabad tha firsl commaroal passerger jet et & partialy
luabed wilth loud Fydrogen. A%ar ordy o Tesw fights, the plana was changed b
reshaad rum o ooodad liguid nalural gas. The froquancy sith which we fly aboul
Na Tupolay parhiaps hinls 5 o the ke of sucoess of Bhis plania.




