MODULE C: APPLIED PHYSICS

LESSON 4: Gas Laws

I. Terminology

A. Adiabatic

B. Isothermic


II. Gas Laws

A. Physical laws that describe the behavior of gases under changing conditions.

B. Supported by the Kinetic Molecular Theory.

C. Applies to most situations, EXCEPT

1. Extremely high temperatures.

2. Extremely low temperatures.

D. Compares four physical properties of gases:

1. Mass: The amount of matter.

2. Pressure: The force per unit area.  Represented by the number of molecular collisions.

3. Temperature: The degree of molecular activity.

4. Volume: The space occupied by matter.

III. BOYLE’S LAW - When the temperature and mass of a gas remains constant, the pressure exerted by that gas is inversely proportional to its volume.

A. Isothermic - constant temperature (is difficult to maintain.)

B. Adiabatic - temperature varies 

C. Formula: 
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1. Inverse relationship

a. If the pressure increases, the volume the gas occupies decreases.

b. If the volume decreases, the resulting pressure increases.

c. Example: 
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Closed syringe with plunger being pulled back.

ii. Normal ventilation.

iii. Body Plethysmography (Body Box) in PFT lab.


	Sibberson page 17 - 19 Sample Problems Fourth Set    &    Practice #21 - 26 page 29
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CHARLES LAW - When the pressure and mass of a gas remains constant, the volume of that gas is directly proportional to its absolute temperature.


A. Formula



1. Direct Relationship

a. If the temperature increases, the volume the gas will occupy also increases. 

b. If the temperature decreases (molecular activity slows), the volume the gas will occupy also decreases.

c. Example: 
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Balloon filled with room temperature air and placed in a refrigerator.

ii. Pulmonary Function measurements measured at room temperature but estimating body temperature.

(i) Requires a conversion from ATPS to BTPS.

2. Always change temperature to the Kelvin scale.

a. °Celsius (C)  + 273° = °Kelvin (K)

	Sibberson pages 19 - 20  Sample Problems Fifth Set   &   Practice Problems #27 - 32 page 29 & 30


V. GAY LUSSAC’S  - When the volume and mass of a gas remains constant, the pressure of that gas is directly proportional to its absolute temperature.
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A. Formula





1. Direct relationship

a. If the temperature increases, the molecular activity increases and the number of molecular collisions increases and so will the pressure. 

b. If the temperature decreases (molecular activity slows), the number of collisions goes down as does the pressure. 

c. Always change temperature to the Kelvin scale.

i. °Celsius (C)  + 273° = °Kelvin (K)

B. Examples

1. Gas cylinder storage

2. Bicycle/Car tires

VI. COMBINED LAW - Combination of above laws and used when T, P and V do not remain constant.  

	Sibberson pages 22 - 26  Sample Problems Seventh & Eighth Set  &  

Practice Problems 39 - 60    page 30 - 32

Workbook RSP 106  -  E-1 Gas Laws Homework
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[image: image8.png]FIGURE 11.4

A demonstration of
Charles's law (temperature
in kelvins). Pressure is con-
stant. (As the temperature is
increased, the kinetic energy
of the molecules is in-
creased. This results in an
increase in the volume in
order to keep the pressure
constant.)

Charles’s Law: The Effect
of Temperature Change

on the Volume of a Gas
at Constant Pressure




A. Formula


B. Mass is the only constant.


C. Always change temperature to the Kelvin scale.

1. °Celsius (C)  + 273° = °Kelvin (K)


D. Always subtract water vapor from the given pressure.
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Use temperature and Humidity Chart.


E. [image: image10.png]FIGURE 11.5

A demonstration of Gay-
Lussac’s law (temperature
in kelvins). Volume is con-
stant. (As the temperature is
increased, the kinetic energy
of the molecules is increased
and the frequency and force
of collisions is increased, re-
sulting in an increase in
pressure.)

Gay-Lussac’s Law: The Effect
of Temperature Change on
the Pressure of a Gas at
Constant Volume



EXAMPLE:  
A gas is at 42° C and 760 mmHg pressure.  It occupies 2.5 liters volume.  The volume is changed to 2 liters and its temperature to 37° C.  What will be the new pressure of the gas?

1. Step 1  Set up your table

2. Step 2
Change to Kelvin

3. Step 3  Subtract PH2O (if needed)

4. Step 4  Solve

	P1 (- PH2O)      760 mmHg
	P2 (- PH2O)     UNKNOWN

	V1                   2.5 liters
	V2                  2 liters

	T1 (+ 273)  42°C + 273 = 315°K
	T2 (+273)      37°C + 273  =  310°K


[image: image11.png]FIGURE 11.2

A demonstration of Boyle’s
law, Temperature is con-
stant. (As the volume is de-
creased, the frequency of
collisions is increased, re-
sulting in an increase in
pressure.)

Boyle’s Law: The Effect
of Pressure Change

on the Volume of a Gas
at Constant Temperature
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IDEAL (UNIVERSAL) LAW - The law gives you V, T & P plus one of the constants, and asks you to solve for the remaining constants.


A. Formula




Where n = Gram molecular weight (mass) and R = 22.4 L and contains 6.02 x 1023 molecules (molar volume).


B. All parameters can vary

1. Pressure

2. Temperature

3. Volume

4. Mass

C. Used in situations where mass is varying.


D. Not used in Respiratory Therapy.
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[image: image15.jpg]Copyight ©2003. Elzeviernc. Al Rights Resarvad.



[image: image16.png]Table 2-2 Definitions of Standard Conditions

Temperature Pressure Water Vapor
STPD 0°C 760 mm Hg Zero
ATPD Ambient Atmospheric Zero
temperature pressure
ATPS Ambient Atmospheric Saturated
temperature pressure
BTPS 37°'C Atmospheric Saturated
pressure (47 mm Hg)

Abbreviations: ATPD, ambient temperature and pressure, dry; ATPS, ambient temperature and pres-
sure, saturated; BTPS, body temperature and pressure, saturated; STPD, standard temperature and

pressure, dry.



[image: image17.png]Table 2-1 Temperatures and Their Humidity Capacities

Temperature (" C) Content (mg/L) Water Vapor Pressure (mm Hg)
20 17.3 17.5
22 19.4 19.8
24 21.8 224
26 24.4 25.2
28 27.2 283
30 30.4 31.8
32 33.8 35.7
34 37.6 39.9
36 41.8 446

37 44.0 47.0
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