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Abstract— Cryogenics is the branch of science of developing 

and analyzing low-temperature environments. The word 

cryogenics originate from the Greek word kryos, means 

“cold“; mixed with a short form of the English verb “to 

generate, “it has come to mean the production of temperatures 

well below those of normal human comfort. More correctly, 

a low-temperature atmosphere is named a cryogenic 

atmosphere when the temperature range is below the point at 

which permanent gases begin to liquefy. Among others, they 

comprise oxygen (O), nitrogen (N), hydrogen (H), and helium 

(He). The source of cryogenics as a systematic correction 

coincided with the innovation by nineteenth century 

scientists, that the permanent gases can be liquefied at 

exceedingly low temperatures. Consequently, the term 

cryogenic realated to temperatures from approximately–

148°F (–100°C) down to. (Absolute zero is defined as the 

lowest temperature possible, a state where no heat energy 

exists.). 
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I. INTRODUCTION TO CRYOGENIC 

Cryogenics is the branch of science in which study of 

materials at extremely low temperatures. Such low 

temperatures produce changes in the physical properties of 

materials that allow them to be used in different engineering, 

industrial, and medical applications. For example cryogenic 

cooling is used in some diagnostic techniques, such as 

magnetic resonance imaging (MRI). Cryosurgery uses liquid 

nitrogen to kill harmful tissue by freezing it. Cryogenics is to 

play an important role in the development of better 

Procedures for preserving Human sensitive organ for 

transplant. 

A. The Cooling Process  

A substance is normally cooled by placing it with to some 

colder material. To make the substance super cold, however, 

heat must be removed and the substance must be insulated 

(encased). An important process of cryogenic super cooling 

includes liquefying gases and using these gases to cool other 

substances. One technique is to convert to liquid form a gas 

that can be liquefied by pressure only. Then a gas requiring a 

lower temperature to become a liquid is placed in a vessel and 

immersed (dipped) in the first. The gas that is already 

liquefied cools the second and converts it to a liquid. After 

several repetitions of this process, the targeted gas is 

liquefied. A Dewar flask is basically used to store such very 

low temperature liquefied gases. 

B. Cryogenic history 

Since the 1930s, cryogenic cooling has most regularly been 

achieved through magnetic means. In 1926, According to 

Canadian chemist William Francis write that if the unequally 

spin of electrons in a substance could be slowed down, then 

the substance would cooled. His experiments proved this 

theory. In cooling by reducing magnetic force, a powerful 

magnetic force is used to give the outside energy required to 

line up the molecules of a paramagnetic substance (one made 

up of paramagnetic ions). This also raises the temperature. At 

the same time the substance is cooled in fluid phase helium. 

When the substance cooled to its starting temperature, the 

magnetic field is removed. This causes the ions to resume 

their disorderly alignment. 

The energy which is used by the ions to move, 

comes from the heat energy of the substance, which causes 

the temperature of the substance to drop. 

Liquid nitrogen is one of the safest cooling agents 

available. In medical field it is used to kill unhealthy tissues 

by freezing them. Cryogenic processes are also used in 

"banks" storing eye corneas, blood, and sperm for future 

surgical procedures. Some embryos have also been frozen 

and stored for future implantation (surgical placement) in 

women. 

II. METHODS OF PRODUCING CRYOGENIC TEMPERATURES 

There are Maine only four physical processes that are used to 

produce cryogenic temperatures and cryogenic 

environments: heat conduction, evaporative cooling, cooling 

by rapid expansion (the Joule-Thompson effect), and 

adiabatic demagnetization. The first two are well known in 

terms of everyday experience. The third is less well known 

but is commonly used in ordinary refrigeration and air 

conditioning units, as well as cryogenic applications. The 

fourth process is used in cryogenic applications and provides 

a means of approaching absolute zero. 

A. Heat conduction  

Heat conduction is familiar to everyone. When two bodies are 

in contact, heat flows from the higher temperature body to a 

lower temperature body. Conduction can take place between   

forms of matter, whether gas, liquid, or solid, and is 

significant in the production of cryogenic temperatures and 

environments. For example, substance may be cooled to 

cryogenic temperatures by inserting them directly in a 

cryogenic liquid and cooled at cryogenic refrigeration. In 

either case, the sample cools by conduction of heat to its 

colder atmosphere. 

B. Evaporation cooling  

The second process with cryogenic applications is 

evaporation, which occurs because atoms or molecules have 

less energy when they are in the liquid state than when they 

are in the vapor, or gaseous, state. When a liquid evaporates, 

atoms or molecules at the free surface get enough energy from 

the surrounding liquid to evaporate. The remaining liquid has 

relatively low energy, so its temperature drops. Thus, the 

temperature of a liquid can be cooled by accelerating the 
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process of evaporation. The process is used in cryogenics to 

reduce the temperature of liquids by regularly pumping away 

the atoms or molecules as they depart the liquid, permits the 

evaporation process to cool the remaining liquid to the wish 

temperature. Once the desired temperature is arrived, 

pumping continues at a reduced level in order to maintain the 

lower temperature. This method can be used to cool the 

temperature of any liquid. For example, it can be used to 

reduce the temperature of liquid nitrogen to its freezing point, 

or to cool the temperature of liquid helium to not exactly 1K 

(–458°F[–272°C]). 

C. Joule Thompson effect 

A valve with a small opening (called a Joule-Thompson 

valve) is mostly used to produce the effect. High pressure gas 

on one side of the valve cools very quickly, to a much lower 

pressure and temperature, as it passes through the orifice. In 

practice, the Joule-Thompson effect is used in combined with 

the process of heat conduction. Finally, he used a Joule-

Thompson valve to expand the cold gas, and form a mixture 

of gas and liquid droplets. 

Today, the two effects together represent the 

common refrigeration process. a gas is compressed and 

cooled to an intermediate temperature by connecting with a 

colder gas or liquid. Then, the gas is expanded, and its 

temperature drops still further. Generally domestic 

refrigerators and air conditioners work on this principle, using 

Freon®, which has a relatively high boiling point. Cryogenic 

refrigerators work on the same principle but use cryogenic 

gases such as helium, and repeat the process in phases, each 

phase having a successively colder gas until the desired 

temperature is reached. 

D. Adiabatic demagnetization 

The fourth process, adiabatic demagnetization, involves the 

use of paramagnetic salts to absorb heat. This phenomenon 

has been used to reduce the temperature of liquid helium to 

less than a thousandth of a degree above absolute zero in the 

following way. A weakly magnetic salt is much like an large 

collection of very tiny magnets called magnetic moments. 

Normally, these tiny magnets are randomly aligned so the 

collection as a whole is not magnetic. However, when the salt 

is placed in a magnetic field by turning on a nearby 

electromagnet, the north poles of each magnetic moment are 

repelled by the north pole of the applied magnetic field, so 

many of the moments align the same way, that is, opposite to 

the applied field. This process decreases the entropy of the 

system. 

Entropy is a measure of randomness in a collection; 

high entropy is associated with randomness, zero entropy is 

associated with perfect alignment. In this case, scattered in 

the alignment of magnetic moments has been minimized, 

resulting in a decrease in entropy. In the branch of physics 

called thermodynamics, it is shown that every collection will 

naturally tend to increase in entropy if left alone. Thus, when 

the electromagnet is shutoff, the magnetic moments of the salt 

will tend to return to more scattered orientations. This 

requires energy though, which the salt absorbs from the 

periphery liquid, leaving the liquid at a lower temperature. 

Scientists know that it is not possible to achieve a temperature 

of absolute zero, however, in their attempts to get ever closer, 

a similar process called nuclear demagnetization has been 

used to reach temperatures just one millionth of a degree 

above absolute zero. 

III. CONCLUSIONS 

Low temperatures produce changes in the physical properties 

of materials that allow them to be used in different 

engineering, industrial, and medical applications. 
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