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Chapter Objectives

1. Explain thermal equilibrium and how it relates 
to energy transport.

2. Understand temperature ranges important for 
biological systems and temperature sensing in 
mammals.

3. Understand temperature ranges important for 
the environment.



1. Thermal equilibrium and the 
Laws of thermodynamics
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1. Thermal equilibrium and the 
Laws of thermodynamics

Energy conservation
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1. Thermal equilibrium and the 
Laws of thermodynamics

Ex) Solid is put in the liquid.

specific
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1. Thermal equilibrium and the 
Laws of thermodynamics

Energy In =  ࢀ − 
Energy Out = 0
Energy Generation = 0
Energy Storage = ( (+ ࢀ −  ࢀ)− − )

Using energy conservation, we can find the 
final or equilibrium temperature.

>> Use the numerical values as shown in last page’s 
picture and equation of energy conservation.



2. Temperature in Living System

Most biological activity is confined to a rather 
narrow temperature range of 0~60°C



2. Temperature in Living System

Temperature Response to Human body

How temperature affects the 
state of human body?

- As shown in this picture, it is 
obvious that temperature needs to 
be controlled.



2. Temperature in Living System

Temperature Sensation in Humans

- The human being can perceive different 
gradations of cold and heat, as shown in this 
picture.



2. Temperature in Living System

Thermal Comfort of Human and Animals

- Body heat losses are affected by air temperature, humidity, 
velocity and other factors.

- Especially, affected by humidity.



3. Temperature 
in the Environment

The Greenhouse Effect

Ground
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3. Temperature 
in the Environment

The Greenhouse Effect

History of carbon dioxide 
concentration and global 
temperature change for 
recent times



4. Temperature Scales

Celsius(℃) Kelvin(K) Fahrenheit(℉) Rankine(̊ R)

Steam point 100 373.15 212 671.67

Ice point 0 273.15 32 491.67

Absolute zero -273.15 0 -459.67 0

Relationships between the scale

T(°F) = 1.8T(°C) + 32

T(K) = T(°C) + 273.15

T(°R) = T(°F) + 459.67



5. Further Reading

• Egan, M. D. 1975. Concepts in Thermal Comfort. Prentice 
Hall, Englewood Cliffs, N.J.

• Gates, D. M. 1963. The energy environment in which we live. 
American Scientist. 51:327-348.

• Guyton, A. C. and J. E. Hall. 1996. Textbook of Medical 
Physiology. W. B. Saunders Company. Philadelphia.

• Nobel, P. S. 1991. Physiochemical and Environmental Plant 
Physiology. Academic Press. San Diogo.

• Rich, L. G. 1973. Environmental System Engineering. 
McGraw-Hill Book Company. New York.

• Schneider, S. H. 1989. The Changing Climate. Scientific 
American. September, 1989.

• Shizer, A. and R.C. Eberhart. 1985. Heat Transfer in 
Medicine and Biology. Bolumes 1 and 2. Plenurn Press. New 
York


