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Abstract:
The general purpose of this investigation was to construct a laboratory manual to accompany the
lecture portion of the undergraduate Physiology of Exercise course at Montana State University. The
general procedure that the investigation followed in developing the laboratory manual was to:
Interview - The class instructor was interviewed to provide the basic direction for the investigation.

Survey - The survey covered existing course material, physiology of exercise laboratory manuals,
textbooks and related sources.

Select - The selection of demonstrations was made in conjunction with the class instructor and
determined by the following criteria: clarity of the physiological principle to be demonstrated, simple
to perform, completion time within the length of a laboratory class period and use common or easy to
construct laboratory equipment.

Design - Demonstrations were designed within the above limitations by using either existing
demonstrations, adapting demonstrations or creating new demonstrations from theoretical information.

Acquire - The acquisition of equipment to perform some demonstrations necessitated buying, altering,
building or borrowing the equipment.

Test - Demonstrations and equipment were tested to verify their consistency of results, time of
performance and clarity of the physiological principle.

Write - All demonstrations were then written into manual form. Each demonstration presented the
student with the purpose and theoretical background of the laboratory. Pertinent physiological
principles were emphasized to clarify the text and lecture presentations. Sequential directions enabled
the student to follow demonstrations and/or perform experimental procedures. Each laboratory
concluded with a summary sheet(s) to demonstrate comprehension of the concepts illustrated.

The areas of physiology selected for these laboratory demonstrations were: the voluntary muscle
system, the nervous system, the cardiovascular system, respiration, exercise metabolism, heat and
humidity effects, training effects, body composition and nutrition. 
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■ ABSTRACT

The general purpose of this investigation was to construct a lab
oratory manual to accompany the lecture portion of the undergraduate 
Physiology of Exercise course at Montana State University. The general 
procedure that the investigation.followed in developing the laboratory 
manual was to:

Interview - The class instructor was interviewed to provide the basic 
direction for the investigation.

Survey - The survey covered existing course material, physiology of 
exercise laboratory manuals, textbooks and related sources.

Select - The selection of demonstrations was made in conjunction With 
the class instructor and determined by the following criteria: clarity
of the physiological principle to be demonstrated, simple to perform, 
completion time within the length of a laboratory class period and use 
common or easy to construct laboratory equipment.

Design - Demonstrations were designed within the above limitations by 
using either existing demonstrations, adapting demonstrations or 
creating new demonstrations from theoretical information.

Acquire - The acquisition of equipment to perform some demonstrations ' 
necessitated buying, altering, building or borrowing the equipment.

Test - Demonstrations and equipment were.tested to verify.their con
sistency of results, time of performance and clarity of the 
physiological principle.

Write - All demonstrations were then written into manual form. Each 
demonstration presented the student with the purpose and theoretical 
background of the laboratory. Pertinent physiological principles were 
emphasized to clarify the text and lecture presentations. Sequential 
directions enabled the student to follow demonstrations and/or perform 
experimental procedures. Each laboratory concluded with a summary 
sheet(s) to demonstrate comprehension of the concepts illustrated.

The areas of physiology selected for these laboratory demonstra-• 
tions were: the voluntary muscle system, the nervous system, the
cardiovascular system, respiration, exercise metabolism, heat and 
humidity effects, training effects, body composition and nutrition.



CHAPTER I 

INTRODUCTION

Each teacher places varying amounts of emphasis on the components 

that compose a course. One of the tools an instructor uses to impart 

information about these components is the course textbook and/or 

laboratory manual. Every textbook and laboratory manual also highlights 

select areas of material over that of others. This situation often 

causes the instructor to use a number of sources. Multiple sources 

cause the student extra time, expense and confusion. This situation 

could be avoided to a large extent with one source of information that 

paralleled class presentation.

Statement of the Problem

The general purpose of this study was to design laboratory demon

strations to accompany the lecture topics in the undergraduate 

Physiology of Exercise course at Montana. State University.

Specifically, this study was to survey existing physiology labora

tory manuals, select appropriate experimental concepts, design and/or 

modify laboratory demonstrations.and if necessary, design, construct 

and/or modify equipment needed to.perform the laboratories. The final 

problem was to write and collate a physiology of exercise laboratory 

manual that would clarify the student's learning of the material pre

sented in lecture and the course textbook for the undergraduate 

Physiology of Exercise course at Montana State University.
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Delimitations

The study was delimited to nine major areas, of exercise physiology 

to coincide with the instruction of the undergraduate class of 

Physiology of Exercise at Montana State University: the voluntary

muscular system, the nervous system, the cardiovascular system, the 

respiration system, exercise metabolism, the effect of heat and humidity 

on physical performance, effects of training on physical performance, 

determination of body composition and nutritional inventory. The study 

was performed during the 1979-80 academic year.

Limitations

This study was limited by the following:

1. The equipment already available at Montana State University 

or -which could be constructed at little expense by the author 

or a University shop.

2. The time available during the University quarter of class 

instruction for completion of the laboratories.

3. The clarity of purpose, consistency of outcome and the ease 

of presentation of each laboratory.

Justification

The clarity and in part the success of any form of instruction is 

dependent on the materials used to present the information. The course 

instructor said, "The;information needs to be presented in a logical.
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concise and meaningful manner if the student is to comprehend its 

significance." (Schwarzkopf, 1979) (57)

To date, the Physiology of Exercise' class at Montana State 

University does not have a single laboratory manual that the student can 

use. As a result, a number of supplementary materials are used. The 

use of these supplementary materials requires the student to spend time 

in the Library or to share the resources in the laboratory. Schwarzkopf 

states,

Existing physiology laboratory manuals do not parallel 
the structure of the class presentation here at Montana State 
University and many of the manuals are either outdated or use 
equipment that we do not have. (Schwarzkopf, 1979) (57)

With the creation of a single laboratory manual for the Physiology of

Exercise class the above problems should be eased and the class become

more effective.



CHAPTER 2

METHODS AND PROCEDURES

The procedures "used to develop a laboratory manual for the 

Physiology of Exercise course at Montana State University are presented 

in the following chapter. These procedures were separated into two 

phases: I. the steps in selection of the specific laboratory experi

ments and demonstrations to fit the course requirements and 2. the 

origination, construction and/or modification of those unique aspects 

of the manual by the investigator.

Laboratory' selection. The following sequence of steps was 

followed to arrive at the nine laboratories contained within.Chapter 3.

1. Interview - The initial step was that of an interview with.the 

instructor. From the interview evolved a formulation of physiological 

concepts that needed to be demonstrated, an understanding of the 

instructor's major intent in the presentation of these demonstrations, 

how the class was to use and build on these demonstrations and an 

■understanding of some of the past problems that had occurred with the 

use of existing demonstrations.

2. Survey - A survey of related materials followed covering 

existing laboratory demonstrations currently used, the course textbook, 

physiology laboratory manuals, other physiology textbooks and any 

related journals, periodicals or research information that might prove 

useful.
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3. Selection - A selection was made from the above sources to 

demonstrate the physiological concepts outlined in the interview phase. 

Selection was restricted to laboratory demonstrations that could meet 

the following criteria:

. a. demonstrate clearly one of the physiological concepts,

b. be simple- to perform,

c. be able to be completed within the time available during a 

University class instruction period.

d. use equipment already available at Montana State University 

. or which could be constructed or built at little expense by

the author or a University shop.

4. Design - There remained a need to create laboratory demonstra

tions to present the concepts which could not be demonstrated■from an 

existing source.

5. Acquisition - Acquisition of equipment to perform the designed

demonstration necessitated buying, altering, building or borrowing the 

equipment needed. . '

6. Testing - With the completion of the above steps, the 

investigator tested the laboratory demonstrations and equipment to 

verify their consistency of results, their time of performance and. 

their clarity of demonstration of the physiological principle.

7. Writing - The final step was to write the laboratories.into a 

manual form. Each laboratory presented the student with the purpose and
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theoretical background of the"laboratoryt Specific pertinent 

physiological principles emphasized and clarified text and lecture 

presentations. Sequential directions enabled the student to follow 

demonstrations and/or perform experimental procedures. Each laboratory 

concluded with a summary sheet(s) to demonstrate comprehension of the 

concept's illustrated.

Unique contributions. The investigator was responsible for 

developing all or parts of some demonstrations and for adapting pre

viously existing demonstrations. Each demonstration will be discussed 

relative to its construction, how it originated or modifications made 

in order to meet existing constraints. These aspects will help the 

reader understand an integral part of this investigation.

• Principle of leverage. A simple manual goniometer was made to ' 

demonstrate the principle of mechanical advantage as it relates to 

joint angle (see Appendix A).

Measurement of power. The Arm Ergometer and Movement Timer 

(see Appendix A and Figure 1.3) were altered by adding two micro 

start-stop switches and a timer stop bolt to fix a specified movement 

distance and measure the time required to move a variable resistance 

over that distance.

Muscle electrical activity. The Transmitter, Receiver and 

Physiograph (see Appendix A and Figure 2.1) was used to telemeter and 

record muscle action potentials. Testing disclosed that the instrument
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was unsuitable for quantitative information but did.clearly illustrate 

the electrical activity of contracting muscles,

The effect of heat and humidity on physical performance. The 

variables that needed to be controlled and measured within the demon

stration of the effect.of heat and humidity on physical performance were

1. heart rate,

2. a reproducible .physical performance,

3. air temperature,

4. humidity, and

5. body temperature.

Existing equipment was used to measure the heart rate and provide a 

reproducible workload. A vinyl suit was purchased to produce an 

increase in body temperature and surround the body with a relative 

humidity of one hundred percent (100%). The Mechanical Engineering 

Department of Montana State University assisted by suggesting the use 

of and loaning a thermo senser, thefmocoupler, and digital thermometer 

combinations (see Fig. 6.1, page 78) to measure necessary temperatures.

Nutritional inventory. This, laboratory was unique in that no 

experimental procedure was1 used. Each student completes a nutritional 

inventory and energy use daily log. These standard charts were then 

used to analyze the following nutritional factors:

1. energy balance,

2. dietary lipids,
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3. percentage of simple and complex carbohydrates,

4. selected nutritional factors most frequently deficient,

5. dietary salt,, and . , ■

6. nutritional quality of food items.

Chapter 3 will present the Laboratory Manual for the Physiology of 

Exercise course at Montana State University^



CHAPTER' 3

LABORATORY MANUAL PRESENTATION

The following laboratory manual is divided into nine laboratory 

demonstrations. Each demonstration is designed to aid in the student 

comprehension of an area of physiology of exercise. . The nine labora

tories are as follows:

Laboratory I - Properties of the Voluntary Muscular System, 

Laboratory 2 - The Nervous System,

Laboratory 3 - The Cardiovascular System,

Laboratory 4 - Respiration,

Laboratory 5 - Exercise Metabolism;

Laboratory 6 - Effect of Heat and Humidity oh Physical 

Performance,

Laboratory 7 - Training Effects on Physical Performance, 

Laboratory 8 - Determination of Body Composition,

Laboratory 9 - Nutritional Inventory.



LABORATORY I

PROPERTIES OF THE VOLUNTARY MUSCULAR SYSTEM

Purpose

The

I.

purposes of this laboratory are two-fold:

to develop an understanding of how strength is affected by:

a. the number of muscle fibers,

b. recruitment of muscle fibers,

c. the type of muscle fiber, and

d. anatomic leverage factors.

to demonstrate the fundamental properties of:

a. concentric contraction, 

bi isometric contraction,

c. eccentric contraction, and

d. power.

Background

The muscle fiber is the basic unit of muscle contraction. It is 

within the fiber that the shortening or attempted shortening takes 

place. As each individual muscle fiber contracts, it exerts a force at 

both ends which is transmitted in series to other muscle fibers or 

connective tissue that is attached to the fiber.

Testing of muscle capacity is perhaps the oldest of all physiologic 

measurement. A cave man can be imagined lifting a rock and defying 

others to exceed his display of strength. Common measurements of
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skeletal muscle capacity have progressed from this crude measuring 

system to only more sophisticated means of providing resistance and 

recording the results. Common terms used to classify and measure muscle 

performance are: strength, endurance and power; Each parameter is

defined in the following paragraphs.

■ Strength. "Muscular strength is best defined operationally as the 

greatest amount of force that muscles can produce in a single maximal 

effort." (21:90)

Endurance. "The ability to persist in physical activity, to resist 

muscular fatigue, is referred to as endurance." (15:410)

Power. Power (P) is the rate of doing work (W) or the W per unit 

of time (t), (P = W/t). The rate is defined as the speed with which a 

task is completed. The W is the product of the force (F) or strength 

multiplied by the distance (d) through which' the force acts,

( W = F x  d; therefore, P = — d). (15:200-1) P is also a product of

the F times the velocity (v) since v = d/t.

This laboratory will demonstrate three types of muscle contraction: 

concentric, isometric and eccentric, in addition, two relationships 

will be measured: I. the force of concentric contraction and power and

2. the force of isometric contraction and the joint angle. '

Muscle Force Factors

The total force that a muscle can generate for external use is 

dependent on five factors:
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1. the number of fibers contracting,

2. the frequency with which the fiber is stimulated,

3. the fiber type,

4. the angle of pull between the muscle and the bone to which it 

is attached and

5. the length of the muscle.

Number of fibers. The number of fibers contracting directly and 

proportionally relates to strength. This is termed spatial summation. 

The brain forms an estimation of the amount of tension necessary for a 

given action and an appropriate summation of fibers is determined. This 

phenomena is not foolproof as demonstrated by lifting an empty, box 

thought full.

Frequency. The frequency of stimulation or temporal summation 

produces more tension due to the addition of high threshold fibers and 

by maximizing the tension in each spacially summated fiber. (For a 

more complete description see pages 51-52 of Physiology.of Exercise 

third edition by Herbert A. deVries.)

Summation of muscle fibers can be modified by psychological vari

ables. Illness 'or depression will reduce maximum strength. Excitement 

(e.g., competition), fear, rage and other emotional factors will 

increase muscular response. Blood concentration of epinepherine is the 

primary reason for the phenomenon of the increase in muscular response.

Fiber type. There are two types of muscle fibers in human muscle
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(sometimes a third intermediate variety is listed), known as fast 

twitch fibers (FTF) and slow twitch fibers (STF), The terms fast and 

slow refer to the contracting characteristics of the muscle fiber 

(see Table 1.1). Fiber types have fixed hereditary characteristics. 

Although one fiber type can not change into another fiber type, training 

can modify its performance capacity.

Table 1.1
20ATTRIBUTES OF MUSCLE FIBER TYPE

Characteristic FTF STF

Myosin ATPase Activity Greater Less

Activities of Enzymes for Anaerobic 
Glycogen and Glucose Breakdown. Greater Less

Number of Mitochondria Less Greater

Activities of Enzymes of Krebs Cycle 
Electron Transport System Less Greater

Number of Capillaries per.Fiber Less Greater

Activities of Enzymes for Fatty Acid Breakdown Less Greater

Recruitment during Short Duration 
Maximal Exercise Greater Less

Recruitment during Submaximal Exercise Less Greater

20. Lamb, David R., Physiology of Exercise, Responses and
Adaptations, Macmillan Publishing Co. Inc., New York, New York. 1978.
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Strength Is measured over a short duration of time under anaerobic 

conditions. These conditions favor FTF, thus the more FTF within the 

muscle the greater the strength of the muscle. The more STF the greater 

the endurance, for STF' supply the bulk of the contractual tension at 

submaximaI loads.

Angle of pull. Effective muscular force is also related to the 

angle between the muscle and the bone to which it is attached. This is 

an important consideration when dealing with the principles affecting 

muscular force. A maximum force at the end of the lever can only be
Oexerted at a particular angle, that of 90 between the muscle and bone. 

At any angle less than 90° the muscular force is used in part for 

stabilization of the joint or destabilization if greater than 90° as 

illustrated by the "C" force vector in Figure 1.1. The 90° angle refers 

to the angle between the muscle and the bone and does "not necessarily" 

mean that the angle between the forearm and the upper arm is also 90° 

as depicted in the center example of Figure 1.1. Figure 1.1 is a 

pictoral representation of the fundamental forces present in the arm 

under a work situation. Force vector "A" represents the resultant force 

generated by the.muscle, vector "B" the rotary force being applied and 

vector "C" the stabilizing or destabilizing force present at that 

particular angle. The force vectors are lifted and moved to form a 

force vector triangle in order to show the equality of the force 

applications between the resultant (the muscular force vector A) and
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Figure 1.1

EFFECT OF THE ANGLE OF PULL OF A MUSCLE,"A" IS THE RESULTANT MUSCLE 
FORCE, "B" THE ROTARY FORCE AND "C" THE WASTED STABILIZING OR 
DESTABILIZING FORCE.



16

the two other forces. Notice that in the center example of Figure 1,1 

force C is missing. The absence of force C illustrates that all of the 

muscular force is used for pure rotation. This means that force C in 

the top and bottom examples of Figure 1.1 represent wasted force-as far 

as external work is concerned.

Muscle length. The tension or force that can be generated within 

the muscle itself is directly related to the length of the muscle and 

its fibers. This is due to the physical composition and functioning 

of the muscle fibers. The greater the muscle length the greater the 

tension that can be produced within the muscle up to certain limits.

(For a more complete description see pages 57-60 of Physiology of 

Exercise third edition by Herbert A. deVries.)

Types of Muscular Contraction

There are three types of contraction that the human muscle is 

capable of: concentric, isometric and eccentric.

Concentric contraction. Concentric (shortening) contractions have 

the least strength in terms of the maximum resistance in comparison to 

the other forms of contraction. This relative weakness is due to the 

continuous reforming and dissolving of the Actin/Myosin bridges.

(For a more complete explanation, refer to H.E. Huxley's theory on 

page 24 of Physiology of Exercise, third edition by Herbert A. deVries.) 

Concentric contraction strength will be measured in this laboratory by 

the addition of weight to the Arm Ergometer until the test subject can
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no longer lift the load. The largest amount of weight that the subject 

lifts will be considered for this laboratory as their.maximum con

centric strength.

Isometric contractions. Isometric (static) contractions involve 

the shortening of the muscle fibers only to eliminate the elastic 

component of the muscle and then the fibers will remain in a fixed 

position. This fixed position does not require the formation of new 

Actin/Myosin bridges. Isometric strength will be demonstrated by adding 

weight to the Arm Ergometer until the subject can no longer prevent the 

weight from descending. The greatest amount of weight that the subject 

can hold will be considered a measure of their isometric breaking 

strength at that joint angle (90°). •

Eccentric contractions. Eccentric (elongation) contractions have 

the greatest strength in terms of the maximum resistance in comparison 

to the other forms of contraction. The muscle tension is a maximum con

traction resisting an external force acting to lengthen the muscle. The 

external force must break the Actin/Myosin bridges within the muscle 

fibers which requires more external force than that applied during a con

centric contraction (reforming bridges) or an isometric contraction 

(maintaining a static position). Eccentric strength will be approxi

mated by the maximum amount, of weight that the subject can lower "with 

control.u Weight will be added until the subject can no longer control 

or slow the load's descent.
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Muscular Performance and Power

As described earlier, power (P) is the work (W) per unit of time 

(t) , P = W/1 or P = — x^ - since W equals the force (F) times distance 

(d). The P produced can then be increased if F or d is increased. - 

An increase of P is also possible by a reduction in the t. The concept 

of power will be demonstrated in this laboratory by a measure of the 

changes in F, t and d during concentric contraction.

Directions for Demonstration

The following equipment will be needed to demonstrate concentric, 

isometric and eccentric contractions and muscle performance versus power 

Arm Ergometer, 

weights,

manual Gonimeter, 

movement timer.

.Ideally, a complete recovery is allowed between contraction trials.

For expediency a two-minute rest will be used between contractions.
r

The equipment is set up as illustrated in Figure 1.2 for the 

Power demonstration. A different subject will be used for each section 

of the laboratory.

Concentric strength. Concentric strength will be determined for 

this laboratory by the following steps:

I. set the first resistance by placing weights in the load pan,



19

Stop switch

Distance (d)

Timer stop bolt

Load
Timer

Start switch [ 
and plate

Q  stop 2
stop I

Figure 1.2

EQUIPMENT FOR POWER DEMONSTRATION
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2. have the subject lift the resistance with elbow flexion 

only starting with the arm flat on the table top,

3. record the resistance and add more weight,.

4. repeat steps 3 and 4 until the subject can not lift the 

resistance.

Isometric strength. The isometric breaking strength will be 

determined for this laboratory by the following steps:

1. set the first resistance near that estimated for a maximum 

load used for concentric contraction,

2. have the subject hold the resistance at an elbow joint angle 

of 90° measured with the manual goniometer.

Note: The subject must hold the resistance so that the pull

o.f the resistance is perpendicular to their forearm.

3. record the resistance and. add weight to the load pan,

4. repeat steps 2 through 4 until the subject can no longer hold 

the load at the desired angle.

Eccentric strength. . Echentric strength will be demonstrated for 

this laboratory by the following steps:

1. use the maximum approximate load used for isometric strength 

from the preceding demonstration,

2. the assistant lifts the load so that: the subject's arm may 

flex to the maximum flexed position, 

have the, subject slowly lower the load to the floor,3.
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4. record the resistance and add weight,

5. repeat steps 2 through 4 until the subject can no longer 

slow the load's descent.

Power. The subject's peak power will be determined for this

laboratory by the following steps: ■

1. check the switches, timer and timer stop bolt distance 

making sure that all parts are working properly and connected 

as indicated in Figure 1.2;

2. measure the distance (d) from the timer stop bolt to the timer 

stop switch and record it,

3. set the first resistance at approximately 20 pounds,

4. have the subject lift the resistance (with complete elbow 

flexion only), as fast as possible,

5. record the time (t) from the Movement Timer required for the 

subject to generate the force (F) to move the resistance 

through the fixed distance (d).

6. repeat steps 2 through 4 for the increases in resistance at 

5 pound increments,

7. calculate the power for each resistance from the following
F x d and plot the results.

Example: P F x d 20 lbs, x I ft. 
.5 sec.

40 ft. lbs.•
sec.
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Summary Sheet for Laboratory I

Concentric Strength

Trial # I 2 ■ 3 4 5

Resistance

Maximum concentric contraction =

Isometric Strength 
90°

Trial # ■ I . 2 3 4 5

Resistance

- Isometric breaking strength =

30°

Trial # . I 2 3 4 5

Resistance

Isometric breaking strength =

120°
Trial # I 2 3 4 5

Resistance

Isometric breaking strength
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Eccentric Strength

Trial # 1 2  3 4 5

Resistance

Eccentric strength =

Power

Resistance 20 25 .30 35 40

Time (t)

Power

d =
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Power 
(ft.lbs.) 

sec.

Summary Sheet Laboratory I

500 ' ■ 

450 - 

400 -

350 -

300 - 

250 -

200

150

100

50

~r
20

~ l I I I
30 40

Resistance (lbs.)

I I
50



LABORATORY 2

THE NERVOUS SYSTEM

Purpose

The purposes of this laboratory are to:

1. demonstrate the electrical activity present during muscular 

action,

2. enable the student to measure nervous system parameters 

important in sport, i.e. reaction and movement time.

Background . _

Nervous function is a prerequisite for movement; without nervous 

stimulation, movement is non-existent. The complexity of the organiza

tion of the billions of individual units (cells), and their inter

connections may prevent man from ever completely understanding how this 

wondrous system operates. However, knowledge of some of its properties 

can aid in a better, understanding of how the nervous system relates to 

exercise.

Electrical activity of muscles: The nervous system operates by

electrical activity. This electrical activity is produced by the 

movement of charged particles across the neuron membrane. These charged 

particles are due to the high concentration of ions in solution within 

body fluids. With.the movement of these charged particles a nearby 

disturbance or electrical field is created. The electrical field can be 

detected by sensitive instruments placed on the surface of the body.
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(see Figure 2.1) This laboratory will demonstrate this phenomenon 

(the electrical activity causing muscular response), by a device that 

will detect, amplify and mechanically print a pattern of the 

electrical activity.

Reaction time. Reaction time is defined as ". . . the interval 

between presentation of the stimulus and the first sign of !response;" 

(15:102) A person's reaction time is dependent on a number of factors. 

The major factors are:

1. the speed .of transmission of the afferent or receptor neurons 

from the sense organ to the cerebral cortex,

2. the time it takes to process the stimulus and form an 

appropriate response pattern,

3. the speed of transmission of the efferent or effector neurons 

to the muscles.

Reaction time will be demonstrated in this laboratory by an 

electronic device which measures response time to a visual signal.

(see Figure 2.2)

. Movement time. "Movement time is defined as the interval between 

the start and finish of a given movement." (15:102) Movement time 

is dependent on a number of factors:

1. the coordination of agonist and antagonist muscles 

controlling the movement pattern,

2. the type of fiber - in the respective muscles (fast or slow



Electrodes

Transmitter
Receiver

Physiograph

DIAGRAM OF MUSCLE, ELECTRODE PLACEMENT, TRANSMITTER, AND PHYSIOGRAPH
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Light bulb 
and fixture

Start
switch

Timer

Reaction time

Movement time

Stop switch 
number one Stop switch 

number two

Figure 2.2

REACTION-MOVEMENT TIME MACHINE WITH 
VISUAL STIMULUS ATTACHMENT
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twitch),

3. the distance (d) that the motion covers,

4. the resistance of the load being moved..

Movement time will be demonstrated by the measure of the time it 

takes the subject's hand to move between two switches on the" Reaction- 

Movement Time Machine. (see Figure 2.2) ■

Directions

The following equipment will be needed to demonstrate the electri

cal activity within the muscle and to find the reaction time and 

movement time:

Electromyograph (EMG),

Arm Ergometer,

Reaction-Movement Time Machine, 

switches (3),

. light bulb and fixture.

Electrical activity: The electrical activity within the human

muscle will be demonstrated by the following steps:

1. turn on the EMG and allow it to warm up while the skin 

electrodes are placed on the subject; see Figure 2.1 for the 

proper placement of electrodes and other equipment.

2. have the subject flex the arm (elbow flexion only) and observe 

the EMG tracing,

place a load on the Arm Ergometer and repeat Step 2,3.
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4. compare the two tracings.

Reaction-Movement time'. Reaction time and movement time can be 

found at the. same time if the timer.has.two readouts. See Figure 2.2 

for proper set up of. equipment. Each pair of students will perform 

these steps:

. I. have the subject place the hand lightly on stop switch 

number one,

2. the tester starts the timer and turns on the light bulb by 

closing the start switch,

3. the subject reacts to the visual stimulus (the lighted bulb) 

by pressing down on stop switch number one opening the circuit 

and stopping the timer,

4. the subject then moves the hand to stop switch number two 

(which has been placed a distance (d) away) as fast as 

possible stopping the timer,

5. read and record the reaction time (step 3) and movement time 

(step 4) on the summary sheet.

repeat five times, eliminate the fastest and slowest time and 

average the remaining three.

6.
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Summary Sheet ,for Laboratory 2

■Trial # Reaction Time 
(seconds)

Movement Time 
(seconds)

I

2 3

3 ■

4

5



LABORATORY 3'

THE CARDIOVASCULAR SYSTEM

Purpose

The purposes of this laboratory are. four-fold: yv

1. to demonstrate, the relationship between heart rate (HR) and 

workload,

2. to understand and measure how vasomotor controls affect blood 

distribution,

3. to have each student's blood pressure measured using the 

asculatory method,

4. to understand the importance of a stress test for diagnosing 

cardiovascular disease.

Background

Factors related to cardiac output. The fundamental relationship 

governing the.heart ̂ functioning as a pump is cardiac output (CO) equals 

the heart, rate (HR) times the stroke volume (SV), CO = HR x SV. CO is
Z

the volume of blood ejected per unit to time (vol./time), HR is the
 ̂ ■

frequency of the pumping or ejecting of blood and SV is the volume per . 

ejection.

CO is considered the primary limiting factor in the delivery of 

oxygen to the tissues (5 , 15, 21). Tissue oxygen supply .limits the 

energy for aerobic, exercise and for speeding recovery from anaerobic 

exercise. Therefore, it can be understood why a large CO for athletic
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performance is necessary for every sport that demands a large consistent 

energy supply and/or a rapid recovery.

From the above relationship, it can. be seen that either or both 

•variables (HR and SV) will have a direct effect on CO, ■ Therefore, the 

larger the SV and the higher the HR the greater the CO and consequently 

oxygen delivery. Both HR and SV change with exercise and body position. 

In general when untrained subjects are in a resting horizontal position 

their SV is at its maximum. Tf they move to a vertical position their 

SV drops but the SV can then be increased with exercise to that of the 

horizontal capacity. Once the horizontal SV capacity is reached no 

further increase is possible. ' Therefore, any further increase in CO is 

due to increased HR. Trained persons' hearts have the ability to 

increase in SV beyond the horizontal resting capacity and thereby allows 

a significant increase in the CO potential. These relationships are 

summarized in Table 3.1 showing the central circulation differences 

between trained and untrained individuals.

HR increases proportionally with exercise intensity from rest to 

maximum. This general relationship is modified by- these qualifications:

1. at low exercise intensity levels many other factors 

(emotional, mental, physical etc.) can effect- HR,

2. near maximum exercise intensity HR reaches its. maximum level, 

further energy demands are met by*an increased reliance on 

the anaerobic pathway.



Table 3.1

TRAINED VERSUS UNTRAINED RESPONSES57

CO
(liters/min

HR
(bpm)

SV
(ml/beat)

^o2
(liters/min)

A-VO
(ml/lOOml)

Vr
(liters/min)

Rest

Untrained

Max

5 .0  Z z

y Z  20.0

72 y /

y Z  200

70 y Z  

>Z 100

.250 y Z  

y ' 3.00

4 .5  y Z  

y Z  15

6 yZ^ 

/  120

Rest
Highly
Trained

Max

5.o
y Z  38.0

42 Z z  

y Z  190

120 y Z  

y Z  200

.250y Z

y Z  3.00
4 .5  Z z  

Z z  16

6 y Z

Zz  200

Cardiac
Output

Heart
Rate

Stroke
Volumn

Oxygen
Uptake

Arterio- 
Venous O^ 
Difference

Respirator)
Volumn

W

57. Costill, David, A paper presented at the Sports Medicine Symposium, 
Tucson, Arizona, November 1979.
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3. the' form of activity must be rhythmical, i.e, changing 

intensity or static exercise do not follow this relationship,

4. training does not raise maximum HR to increase CO in a 

similar manner to SV; rather, resting HR declines increasing ■ 

the functional capacity or Cardiac Reserve Capacity (CRC).

HR, exercise intensity and a third variable Perceived Level of 

Exertion (PLE) are all directly related. The subsequent feeling' of 

stress as measured by the Borg Scale of PLE in Table 3.2 demonstrates 

this relationship. This easily measured parameter (HR) provides a crude 

but reliable index of the severity of exercise which can have many 

applications (see Laboratory 7).

Table 3.. 2
37PERCEIVED LEVEL OF EXERTION CHART 37

HR(bpm) ' PLE

60 6 very, very light
90 9 very light
n o 11 light
130 13 somewhat hard
150 15 hard
170 17 very .hard
190 19 very, very hard

37. Borg, G., "Perceived exertion: a note on history and methods,"
Medicine and Science in Sports, Vol. 5, p. 90-93. 1973.
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Vasomotor control. Blood is transported via the circulatory system 

composed of a subdividing arterial network to the tissues and a con

densing collecting venous return network from the t i s s u e s A  property 

of this "tubing" system is.the ability to change diameter thereby 

controlling the amount of blood delivered and/or the amount of blood 

contained in that portion of the system. The importance of the later 

factor is that less blood, therefore less weight, is used to fulfill 

circulatory functions. By redistributing blood with this diameter con

trol, blood is diverted to active tissue from less active tissue. For . 

example, less blood goes to the kidney and GI tract during exercise so 

more blood can be channeled to working muscles. This principle will be 

demonstrated by a common technique used by body builders called 

"pumping."

Blood pressure. Blood pressure (BP) is hydrostatic fluid pressure 

normally measured in the arterial portion of the vascular system. BP is 

proportional to CO and the total peripheral resistance within the 

system. A total of four variables determines what the pressure is at 

any given time; Pouiselles formula summarizes the relationship

BP oC CO x ^ X/V> where L = length, v = viscosity and D = diameter.
D

(5: .147-152) CO is a product of HR arid SV described in a previous 

section. ' Length (L) changes as an adaptive response to growth, atrophy 

and/or hypertrophy, i.e. adding or reducing the amount of tissue and 

therefore, the blood supply to that tissue. Viscosity (v) is the
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- "thickness" of the blood. Viscosity varies with hydration, altitude • 

adaptation and training, all of which are associated with exercise. 

Diameter (D) is the most important.factor as reflected in its . 

exponential value. A small change in D means a large change in resis

tance to blood flow and therefore BP. From this.discussion it can be 

understood that BP is a highly variable parameter due to the many 

influencing factors.■

Normally, CO is the primary determinate in BP change. However, D 

is also an important control as illustrated by two abnormal responses, 

shock and hypertension. Shock or emotional shock (turning pale) is an 

inappropriate vasodilation causing blood to pool in dialated blood 

vessels. With less blood supply to the brain, faintingv̂ can result. 

Hypertension (high BP) can be caused by a persistent general vaso

constriction. The cause of this is generally unknown (essential 

hypertension). Stress can cause a temporary vasoconstriction and it is 

theorized that repeated prolonged stress may alter the vasomotor 

control center.

BP is not a fixed value but rather a continually changing value 

during the repetitive rhythmical muscular contractions and relaxations 

of the heart; one repetition of this muscular action is termed a 

cardiac cycle. There is a high (peak or systolic) and a low (diastolic) 

value during each cardiac cycle. These values are the ones measured and 

called BP. Left ventricular pressure forces an ejected volume (SV) into
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the aorta with each beat. This volume and those preceding it fill the 

large arteries causing a swelling or stretching of the elastic proper

ties of the arterial wall. Two important results are derived from this:

1. the pressure is "damped" to a lower value than what it would be 

if the vessels were rigid,

2. the elastic recoil changes the pulsatile flow within the 

arteries to a continuous flow at the capillary level.

The primary changes due to exercise are in CO response as pre

viously discussed and in the vasomotor redistribution. The vasomotor ■ 

redistribution factor causes a lowering of resistance within the vessels 

leading to a smaller change in BP than if 'CO were the only changing 

variable.

■ It can further be pointed out that left ventricle pressure must ■ 

exceed the lowest pressure in the large arteries before ejection is 

possible. If diastolic pressure rises (for example with age and the 

accompanying changes in elasticity), the left ventricle must work 

(contract) harder to eject blood. Therefore, it is said that the work 

of the heart increases in response to the increased diastolic pressure 

resistance.

In the third portion of the laboratory the student will learn to 

measure BP using the asoulatory method.

Stress Testing

The American Heart Association estimates that 350,000 people die of ■
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heart attack each year. (49:1) Heart attack is the cause of death but 

high blood pressure, over weight, poor diet, lack ..of exercise, smoking 

and excessive stress are considered some of the factors related to and/or 

accelerating the disease.

Most people are unaware that they may be vulnerable or already have 

cardiovascular disease. The first symptom could be fatal and any 

symptom indicates an advanced state of this chronic disease.

Stress testing by trained personnel is a means of monitoring the 

heart under exercise conditions. Most often a treadmill is used to 

supply the exercise stress and a electrocardiograph (ECG) to record ' 

heart electrical response. The ECG plus blood pressure response under 

increasing exercise stress allows a cardiologist to learn of potential 

cardiac abnormalities before they occur. _ Figure 3,1 shows an illustra

tion of a stress test and Figure 3.2 shows an example of a normal ECG 

pattern that would be seen during the test. The student will be able to 

observe a similar ECG pattern during the first part of this laboratory.

Directions

The following equipment will be needed for each part of this 

laboratory:

Part I. bicycle ergometer, stop watch and electrocardiograph, ■

Part 2. tape.measure, stop watch and weights, 

stethoscope and sphygmomanometer.Part 3.
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V --— B

*r

- - --- —

Figure 3.1

TREADMILL STRESS TESTING

35. Wilson, Philip K., Adult Fitness and Cardiac Rehabilitation, 
University Park Press, Baltimore, Maryland, 1975,
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Heart rate response to exercise. The. following steps are used to 

demonstrate Part I of this laboratory:

1. electrodes are attached to"the test subject and electrocardio

graph tested for proper function.

2. subject pedals the bicycle ergometer at I Kp for two minutes,

3. HR is taken during the last ten seconds of each minute,

4. plot the HR announced by the laboratory instructor on the 

accompanying graph,

5. the workload is increased by I Kp and steps 3 and 4 are 

repeated until the subject has performed all 5 workloads.

Vasomotor control. The following list of steps will demonstrate 

vasomotor control:

1. have a partner measure the circumference of your dominant upper 

arm at its maximum girth while in a relaxed position at your 

side,

2. record the measurement,

3. ■ rhythmically curl one of the" weights (males use the heavier)

for two minutes at a rate of approximately one curl every two 

or three seconds,

4. measure the arm girth in the same manner at the time intervals 

specified on the laboratory summary sheet.
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Measuring blood pressure. The following list of steps are used to 

measure blood pressure:

1. "the subject must be seated with right arm. resting relaxed on 

the chair desk,

2. the. sphygmomanometer (hereafter called cuff) is wrapped around 

the upper right arm above the elbow level and secured with the 

velcro fastener,

3. the pressure gauge is placed in position on the cuff,

4. the valve on the bulb assembly is closed (clockwise rotation),

5. squeeze the bulb inflating the cuff to approximately two 

hundred (200) millimeters of mercury,

6. place the stethescope in position in the ears and over the 

anticubital fossa (elbow crotch),

7. slowly lower the cuff pressure by turning the valve counter

clockwise.

8. the first sound (systolic BP) is the approximate equalization 

between the cuff and the left ventricular pressure— when the 

cuff obstruction is. not great, enough to exceed the left ventri

cular force on the stationary brachial arterial column and a 

pulsitile squirting of blood can be heard past the cuff,.

9. allow the cuff pressure to continue falling,
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10. the "sound" should increase" in intensity■and then fade;

when no further sound can be heard the pressure is noted and 

recorded (diastolic BP)--at this point the cuff no longer 

obstructs the forward blood flow, therefore equalizing the 

minimum elastic recoil force of the. large arteries.
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Summary Sheet for Laboratory 3

I. HR Response

Workload (W), (Kp) I 2 3 4 5

Heart rate (HR)

240

220
200
180

160

140

120
100
80

60

40 1 2

1 2 3 4 5

W (Kp)

II. Vasomotor
■ Arm Circumference;

Before using weights 
Immediately after using weights 
30 seconds after using weights
1 minute after using weights
2 minutes after using weights

III. Blood Pressure ___________ /



LABORATORY 4

RESPIRATION

Purpose

The purpose of - this laboratory- is to develop an understanding of 

some fundamental properties of respiration; specifically:

1. the mechanical movement of air (external respiration),

2. respiratory volumes,

3. volume (V) versus workload and
K

4. the standard temperature, pressure and dry (STPD) calculation. 

Background

Through the process of respiration gasses are moved in and out of
/

the lungs, exchanged across cell membranes by pressure differences and 

transported in a fluid medium to and from all body tissues. It is this 

movement of gasses that sustains life as we know it.

External respiration. Respiration is. initiated by muscular con

traction producing a mechanical expansion of the thorax. The 

inspiratory muscles (diaphragm and external intercostal) contract causing 

the rib cage to expand and diaphragm to descend. The enlarged thoracic 

volume produces a partial vacuum in the closed area of the pleural 

cavity. This partial vacuum creates a pressure gradient between the 

lungs and the external environment. A gas (air) will then flow from the 

high pressure area to the lower pressure area to fill the lungs. Air 

will continue to flow into the lungs until the partial vacuum is -
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eliminated by an equalization of pressure. The pressure gradient is 

reversed on expiration when the inspiratory muscles relax and elastic 

recoil of the stretched tissue creates a higher pressure in the thorax. 

than in the ambient environment. Elastic recoil may be aided by the 

expiratory muscles (internal intercostal and abdominal) under exercise 

stress.

Respiratory volumes. The lungs consist of a branching system of 

tubes that subdivide ending in thin walled sacs known as alveoli.

Figure 4.1 shows the order of subdivision for this system. This branch

ing system allows for a greater surface area of alveolar wall to. 

surrounding pulmonary capillaries for gas exchange. (see Figure 4.2)

Lung capacities vary between individuals. Volumes, capacities and 

quantity exchanged over time are measured for their relationship to 

performance and health. The volumes and capacities are listed and 

defined in Table 4.1 and Figure 4.3. The vital capacity, tidal volume, 

expiratory reserve volume and the inspiratory reserve volume will be

measured for this laboratory. In addition, minute volume (V) will also
K

be measured but application will not be made until Laboratory 5,

Exercise Metabolism.

Volume versus workload. The volume of air exchanged in response to 

an increase in workload is controlled by a number of factors:

I. CO^ - increased cellular activity uses more energy and

therefore produces more CO^. (see Laboratory 5) The1CO^
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T rachea

Bronchial tree

Bronchioles

Terminal bronchioles

Respiratory bronchioles

Alveolar ducts < T  2 21

Alveolar sacs

Figure 4.1

ORDER OF SUBDIVISION OF THE GENERAL ARCHITECTURE OF 
AIRWAY TUBES WITHIN THE LUNGS5

5. Astrand, Per-Olof and Kaare Rodahl, Textbook of Work. 
Physiology, McGraw-Hill Book Company, New York, New York. 1977.



Figure 4.2

ALVEOLI SURFACE AREA EXPOSURE AND GAS EXCHANGE

Example A shows gas exchange between alveoli and capillary. 
Example B shows increased gas exchange due to larger surface area 
exposed. Note: <=— ^ indicates two-way gas exchange.



Table 4.1

LUNG VOLUMES AND CAPACITIES15

A. Volumes. There are four primary volumes which do not overlap.

1. Tidal volume, or the depth of breathing, is the volume of gas 
inspired or expired during.each respiratory cycle.

2. Inspiratory reserve volume is the maximal amount.of gas that can 
be inspired from the end inspiratory position.

3. Expiratory reserve volume is the maximal volume of gas that can 
be expired from the end expiratory level.

4. Residual volume is the volume of gas remaining in the lungs at. 
the end of a maximal expiration.

B. Capacities. There are four capacities, each of which includes two
or more of the primary volumes.

1. Total lung capacity is the amount of gas contained in the lung 
at the end of a maximal inspiration.

2. Vital capacity is the maximal volume of gas that can be expelled 
from the lungs by forceful effort following a maximal inspira
tion.

3. Inspiratory capacity is the maximal volume of gas that can be 
inspired from the resting expiratory level.

4. Functional residual capacity is the volume of gas remaining in 
the lungs at the resting expiratory level. The resting and 
expiratory position is used here as a baseline because it
■ varies less than the end inspiratory position.

15. deVries, Herbert A., Physiology of Exercise, Wm. C, Brown 
Company Publishers, Dubuque, Iowa. 1980.



Maximum
inspiratory
level

Maximum expiratory level

Figure 4.3
LUNG VOLUMES AND CAPACITIES

15. deVries, Herbert A., Physiology of Exercise, Wm. C. Brovm Company Publishers, 
Dubuque, Iowa. 1980.
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concentration in the blood perfusing the respiratory control 

center of the brain has two related effects. First, CO^ is the 

most important respiratory stimulant. Second, CO^ is trans

ported within the -blood in an acidic form which lowers the pH 

and thus also produces an increase in the respiratory rate,

2. - does not play a significant role in respiratory control 

unless the oxygen concentration of the blood is very low;

a circumstance rarely encountered unless at high altitudes,

3. There is some evidence to indicate that the proprioceptive 

reflexes, that is the sensory nerves within the muscles, limbs, 

and tendons, alter respiration directly, i.e. increased 

movement causes increased respiration,

4. temperature - body temperature also produces a direct 

respiratory effect, i.e. an increase in muscle and body core 

temperature causes respiration to increase.

STPD calculation.- When dealing with respiratory gases the STPD 

or standard temperature, pressure and dry corrections must be calculated 

in order to maintain consistency of data. The STPD is a mathematical 

correction to convert a gas volume to conditions having the following 

values:

temperature = 0° centigrade (273°K), 

pressure = 760 mm. Hg.,

dry = elimination of water vapor as an added gas.
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Temperature, pressure and the amount of water content are controlled 

because they can influence the measured volumes of a gas. The following 

gas laws will help provide an understanding of these relationships: 

Boyle's Law - with a constant temperature (T) the pressure (P) 

of a gas is inversely related to its volume (V) or PV = k ■ 

where k is a constant,

Gay-Lussac's Law - with a constant volume (V) the pressure (P) 

of a gas is directly related to its temperature (T) or 

P/T = k where k is,a constant.

Law of Partial Pressures - when two or more gases are mixed

together, each will exert a partial pressure that is equal to 

its percent of concentration multiplied by the total pressure. 

For example, since is about 21 percent of normal air and 

total air pressure at sea level is about 760 millimeters of 

of mercury (mm Hg), then the partial pressure of is then 

21/100 multiplied by 760 or about 160 mm. Hg. Partial pressure 

changes as a function of altitpde or barometric pressure.

The preceding gas laws are incorporated into the following 

Aquation:

STPD correction = -- :---- BP BP - VP
273°K + T0C 760 mm Hg x BP

T0C = temperature in degrees centigrade

BP = barometric pressure 

= water vapor pressureVP
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An example of a STPD correction calculation follows:

BP = 640 mm Hg, VP = 21.1 mm Hg, T0C = 23°C.

STPD 273 640 640 - 21.1
273 + 23 X 760 X 640 .9223 x .3421 x .9670 .=

.7510.

Directions * •

The following equipment will be needed for this laboratory:

bicycle ergometer,

stopwatch,

metronome,

two-way valve mouthpiece,

tissot tank,

noseclips,

Collins vitalometer.

Perform the following steps for each section of the laboratory and 

use the noseclips so that all air escapes only through the subject's 

mouth:

• Vital capacity. (VC)

1. set up the Collins vitalometer by filling it with water and 

place a paper mouthpiece into the corrugated tube,

2. . record the starting volume of the vitalometer empty of air,

i
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3. the subject takes a maximum inspiration and then completely 

expires the air into the Collins vitalometer,

4. record the ending reading from the vitalometer,

5. calculate the volume and record, it, this is the subject's 

vital capacity.

6. repeat steps 2 through 5 three times using the highest reading

Tidal volume. (TV)

1. empty the air from the Collins vitalometer and record the 

starting value,

2. have the subject expel a normal expiration (TV) into the 

vitalometer,

3. record the reading and compute the volume,

4. repeat steps I through 3 three times using the average for the 

subject's TV.

Expiratory reserve volume. (ERV)

1. empty the air from the Collins vitalometer and record, the 

starting value,

2. with the subject breathing normally, the subject expires a 

normal breath before putting the mouthpiece in and then expels 

the remaining air into the vitalometer,

3. record the value and compute the volume, 

repeat steps I .through 3 three times using the average for the 

subject's ERV.

4.
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Inspirator reserve volume. (IRV)

The subject’s inspirator reserve volume will be found from calcula

tion by subtracting the TV and ERV from VC, (IRV = VC - TV - ERV).

V^ : workload.

1. connect the two-way breathing valve and corrugated tubing to the 

tissot tank (see Figure 4.4),

2. empty the air out of the tank and move the control lever to 

"read,"

3. record the initial tissot reading .(T^),

4. place the nose plugs on the test subject,

5. position the subject on the bicycle ergometer with the two-way 

breathing valve in their mouth.

6. the subject pedals the bicycle ergometer in time to the 

metronome for three minutes at I Kp,

7. turn the control IeVer to "collect" at the end of the second 

minute of exercise,

8. count the subject’s frequency (f) of respiration by counting 

the number of times' the tissot tank rises,

9. turn the control lever back to "read" at the end of minute 

three,

10. record the f and the final tissot (T̂ ) reading at the end of

exercise.



Figure 4.4

TISSOT TANK, TWO-WAY BREATHING VALVE 
AND CORRUGATED TUBING CONNECTED



58
11. increase the workload by I Kp, empty the tissot tank and 

record T^,

12. repeat steps 6 through 10 for workloads of 2'through 5 Kp,

13. find the change in tissot readings (Al) for the first workload

by subtracting from T^. (AT = - T^).

14. determine the uncorrected ^ by multiplying AT by 3.244 

(the tissot conversion factor)

15. calculate the STPD correction from the following formula:

STPD = ~273^ ^ t x x ^  (the laboratory instructor will

supply BP, T and VP values);

16. multiply the uncorrected volume (y ) by the STPD factor to find 

the corrected V^.

17. calculate the subject’s depth of respiration (d) from the

following equation d = V /f (uncorrected. Vg)•R 18
18. repeat steps 13 through 17 for the rest of the workloads.

/
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Summary Sheet for Laboratory 4

Lung Volumes

VC TV ERV
Trial # Trial # Trial #

I 2 3 . I 2 3 I 2 3

Final Vitalometer reading

Initial Vitalometer reading

Volume

VC = TV - ERV =

Calculate IRV = V C - T V -  ERV 

IRV =
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Vr :Work

Workload (Kp) 1 2 3 4 5

1. T^=Tissot final

2. T-=Tissot initial
I

3. AT=Tissot difference

4. A t x 3.244=^ uncorrected
ix

5. BP=Barometric Pressure

6. T0C=Tissot temperature

7. VP=water vapor pressure

8. STPD

9. (8) x (4)=VR corrected

10. f=frequency

11. depth (d)=V /f
K

STPD calculation:
_ 273°k BP

273°k + T°C x 760 mm Hg
B P - V PSTPD x BP
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Volume of Air Exchanged ($ ) and Workload

Workload (Kp)



LABORATORY 5 .

EXERCISE METABOLISM

Purpose ■

The purpose of this laboratory is to learn from a demonstration 

of maximal oxygen consumption Max) the following:

1. the calculation and meaning of VO^ Max,

2. how to directly measure and calculate the energy cost of 

exercise.

3. • the calculation and meaning of Respiratory Quotient (RQ),

4. the calculation and meaning of Ventilatory Equivalent (VE) *

5. the estimation and meaning of Anaerobic Threshold (AT).

Background

The.role oxygen (Ĉ ) plays in exercise metabolism is central to the 

study of physiology of exercise. Exercise stresses the respiratory . 

system to move larger quantities of air to the alveolar level so that a 

greater exchange of respiratory gases (0  ̂and CO^) can take-place.

A corresponding response to exercise stress is met by the cardio

vascular system which moves the blood through the pulmonary system past 

the lungs and then delivers the oxygenated blood to the active tissue 

via the systemic circulation. Once is in the active tissue, it is 

used in cellular, processes to regenerate adenosine triphosphate (ATP) 

and other high potential energy molecules from the fuel substrates of 

glucose and free fatty acids. Tissue activity including muscular
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contraction requires the energy from ATP to function. Regeneration of 

ATP is necessary because of muscle'and other uses. The one exception is 

when the immediate energy demand is greater than that which can be met 

by aerobic metabolism. Lactic acid is the by-product of this anaerobic 

process. Acute fatigue is caused by the limited ability of the body to 

withstand the increased level of lactic acid.

A test to measure the ability to consume, transport and use is 

the single, most important parameter for prediction of success in most 

duration-type sports, physical fitness and health.. The rationale for 

each follows:

Sport. The greater the supply of energy available aerobically 

the smaller the reliance on the limited supply, of anaerobic energy and 

the more rapid the recovery from high intensity anaerobic activity. 

(5:317)

Physical fitness. Physical fitness is virtually synonomous with 

^2  Max. " . . .  the maximal oxygen uptake is probably the best 

laboratory measure of a person's physical fitness . . . "  (5:324)

Health. Cooper has shown that a level of consumption equal to 

or greater than 42.6 ml/kg/min (see next section for meaning of units) 

for men under thirty years of age equates to the lowest risk category, 

for cardiovascular disease, (13:28-29)

Maximal Oxygen Consumption

Maximal oxygen consumption (VC^ Max) is the measure of maximum
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aerobic capacity. (15:216) Expression of VO^ Max has two common forms:

1. liters per minute (1/min) - this expresses the total 0o used 
per minute,

2. milliliters per kilogram per minute (ml/k’g/min) - this method 

expresses capacity per unit of body.weight per minute.

Liters per minute (1/min) positively correlates with body size, training 

and capability due to hereditary. Milliliters per kilogram per minute 

(ml/kg/min) reflects only training and hereditary limits - per unit of 

body weight. Therefore, a test-retest of the same subject (Change over 

time) will be the best method of indicating training effects since past 

training and/or hereditary factors will be held constant.

Energy Cost . '

To be alive means to use energy. ;A continuum of energy expenditure 

exists from the lowest level possible to sustain life to the highest 

intensity of exercise that can be achieved. Near the lowest level is 

basal metabolic rate (BMR). Abnormally, high or low rates can be 

associated with specific disease states. However, peak levels of energy 

(VO^ Max) also relate to athletic success in many types of sport.

Energy cost requirements of sports, games and work activities can be 

used to determine nutritional requirements, work/rest periods and other 

related factors.

Measuring the amount of energy used is possible by using a number 

of methods but the method that has the widest applicability is that of

V
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measuring oxygen consumption. Calculation of the energy used is from 

the relationship found by Atwater and Benedict who substantiated the 

direct relationship between oxygen consumption and energy use, (37) 

Therefore, a simple conversion to energy units (kilocalories or kcal) 

can be made knowing the quantity of used or the oxygen consumption 

(VO^) and the respiratory quotient (discussed below) during a given 

activity. VO^ is calculated from the product of and the extraction 

percentage of (about 21% in ambient air minus the measured percentage 

in the expired air) as will be seen in the calculation at the end of 

this laboratory. VO^ provides a convenient means to study energy cost 

because portable devices can be used to collect and measure the V 

(volume of air ventilated). A sample of the collected ventilated air 

may then be analyzed for the percentage of extraction and the carbon 

dioxide production.

Respiratory Quotient

The respiratory quotient (RQ) is a means, of expressing the relative

ratio of fuels used (carbohydrates and free fatty acids of FFA). The RQ

is defined as the volume of carbon dioxide (CO^) produced divided by the.
C0„ produced

volume of consumed, RQ = ^ — consumed ' (1S^lS)
This information is derived from.the chemical ratios of oxidized fuels 

(carbohydrate and FFA):

carbohydrate = C Ĥ^2°6 +  ̂°2— ^  ̂^2° +  ̂CO^,
FFA = 2 C1--Hn-O, + 145 0.-- 3> 102 C0o + 98 Ho0 (15 ; 218-219)Dl yo D Z  Z Z
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It can be seen that carbohydrate combustion is equivalent to a RQ of 

1.0 (6 CO^/6 0^) and FFA is equivalent to a RQ of .7 (102 CO^/1^5 0^) . 

Figure 5.1 shows the relationship between RQ values and the proportion 

of exercise fuels and Figure 5.2 shows the relationship between RQ and 

the energy obtained per liter of oxygen. The student should note that 

the difference in energy per liter between carbohydrates and FFA is due 

to the larger amount of oxygen contained in carbohydrates in comparison 

to that in FFA (see equations above). x

Ventilatory Equivalent

The ventilatory equivalent (VE) is derived from two parameters 

V^ and VO^, VE = V^/VC^.' The VE is used as a measure of respiratory 

efficiency. External respiration (V^) requires energy to overcome 

airway resistance and the elastic force in the alveoli. Therefore, if 

a larger quantity of air is moved at a higher respiratory energy cost 

and no more or very little additional oxygen is extracted, the 

efficiency has declined.

Changes in VE by the athlete will be reflected in performance with 

no change in VO^ Max (central circulation) ■ or at the cellular level 

(peripheral factors). The hyperventilating athlete during exercise is 

wasteful of.performance energy in a.similar manner to improper execution

.of athletic skills.
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RQ

50-50
Percentage of Fuel Source

Figure 5.1
29RQ VERSUS FUEL SOURCE

Figure 5.2
29RQ VERSUS ENERGY 29

29. Sinning, Wayne E., Experiments and Demonstrations in Physiology 
W.B. Saunders Company, Philadelphia, PA. 1975.
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Anaerobic Threshold

Anaerobic threshold (AT) is not an accurate parameter when a literal 

interpretation is given to the term "threshold." Lactic acid is a pro

duct of anaerobic metabolism; a small amount of anaerobic metabolism 

takes place even under aerobic exercise conditions because some parts of 

a muscle contract more often and with a greater tension than others and 

therefore, require a larger supply than is immediately available,

This sequence of events is reflected in a small but measurable rise in 

blood lactic acid level. At some point, the energy.supply for an 

increased exercise intensity will be met more by anaerobic than aerobic 

sources. This result is termed the AT and is illustrated in Figure 5.3.

Blood samples are a time consuming and painful method to measure 

AT. Indirect means of measurement are based on the respiratory 

response to a decrease in pH (increased acidity) from the lactic acid 

in the blood. Two measurable parameters change:

1. the RQ exceeds 1.0 indicating a respiratory hyperventilation- 

expiring more produced CO^ than consumed,

2. the VE becomes significantly less efficient since the respira

tory system responds to the pH change. This loss of efficiency 

can be graphed and where the theoretical inflection point 

(change in slope) occurs is defined as the AT.

(see Figure 5.3)
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Work Intensity

Figure 5.3

VE VERSUS WORK INTENSITY SHOWING AT15

15. deVries, Herbert A., Physiology of Exercise, Wm. C. Brown 
Company Publishers, Dubuque, Iowa. 1980.
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Directions

The following equipment will be needed for this laboratory:

stopwatch,

Tissot tank,

analyzer,

CO0 analyzer,
2.

scale, ,

bicycle ergometer

Use the following steps for each part of this laboratory.

VO0 Max. Use the summary sheet provided and calculate the VO^ Max 

for the demonstration subject.

Energy cost.

1. use the oxygen cost for 3 Kp in 1/min from the VrO^ Max 

demonstration,

2. assume this intensity of exercise were to persit for thirty (30) 

minutes with no change in oxygen cost,

3. use the conversion of five (5.0)' kcal/liter of 0o to calculate
L

the energy cost for that assumed exercise session.

RQ- •

I. calculate the VCOg from the percentage figure that the 

laboratory instructor gives and the corrected V^ already 

calculated,
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Example: VCO0 = V x  percentage C0oZ K  /
VCO0 = 41.28 liters x 10%Z
VCO2 = .4128

2. use the ^O2 calculated in 1/min from the laboratory sheet,

3. calculate the RQ from the fundamental formula.

VE.

I. use the data from each workload (corrected V^ and VO2) to 

calculate the VE,
'>

Example: VE = V /VOK  Z

VE = 20.4 1/min / 1.18 1/min ,

. VE = 17.29

AT. Plot the VE and RQ on. the graph provided and estimate where

the AT occurs.
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Summary Sheet Laboratory 5

Test Protocol 
Kp (60 rpm) 
Duration (min) 
Sample (min) 
Rest (min)

I 2 3
5 5 5

4-5 4-5 ' 4-5

4 5 . 6
5 2% 2
4-5 2-2% l%-2

5 10 .

Heart Rate

Volume

1. T2= Tissot, final
2. Tj_= Tissot, initial
3. At= Tissot difference
4. " AT= x 3.244 = ^  uncorrected
5. BP= Barometric Pressure
6. T°= Tissot Temp.
7. STPD
8. (7) x (4) = Vr corrected

Oxygen Consumption
9.
10.

-E 2
E2 x 21/1000 = O2%

11.
12.
13.

20.88 - (10) = 0 Extr. 
(11)/100 =
(8) x (12) =.0 >£/min

14. '(13) x 1000 - BW(Kg) = 0 ml/Kg min2

Rq
15. C02% = C02% prod.
16. (15)/(11) = RQ

VE
17. (4)/(13) = VE
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Summary Sheet Laboratory 5

Energy Cost

On cost at 3 Kp =2 -----------

Energy used for 30 minutes =

. VCO2 =

RQ VCO
~vo

2 =  

2

VE

Work load 1 2  3 4 5 6

VE
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40 -I
AT and RQ Graph

38 -I L 1.2

36 J

34 J L i . i

30 J L  i.o

28 J

24 -J

L .9

22 4 L .8

20 H

I  I
I 3

i I r
4 5 6

Work load (Kp)



LABORATORY 6

'' EFFECT OF HEAT AND HUMIDITY ON PHYSICAL PERFORMANCE

Purpose

The purposes of this laboratory are two-fold:

1. to have the student understand the implications of heat and 

humidity on physical performance,

2. to demonstrate the effects of increased heat and humidity on 

heart rate.

Background

Heat and humidity are the most common environmental factors 

affecting physical performance. The problem is to maintain heat 

balance, i.e. eliminate body heat as fast as it is gained. Heat build 

up produces a rise in core temperature which diverts blood to the 

periphery for cooling and thus blood is unavailable to working muscles 

In the extreme, a heat buildup may lead to acute hyperthermia and . 

terminate exercise.

The body's heat load is acquired primarily from waste heat of 

metabolism - that energy not expended in external work; Therefore, 

the greater the intensity of exercise, the greater the amount of heat 

that needs to be dissipated. Environmental heat can be added.via 

conduction or convection if the surface temperature or air temperature 

exceeds skin temperature (approximately 92°F) .- Sunlight adds to heat 

acquisition due to radiant energy and is proportional to the surface
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area exposed.

Heat is lost by: conduction, convection, radiation, respiration,

excretion and evaporation of sweat. Under relatively high environmental 

temperatures (above 92°F), the only significant means of heat loss is 

from sweat evaporation. Evaporation is inversely related to environ

mental relative humidity; that is, evaporation is reduced as the

humidity increases. Under these conditions (high temperatures and 

humidity), exercise can produce a dangerous rise in the body's core 

temperature. Clothing and other protective gear such as helmets or 

padding present a major problem in sport by diminishing the ability to 

evaporate sweat. Often the problem is compounded by the immediate 

environment of the contest field. Synthetic turf eliminates the cool

ing of ground water evaporation. In addition,the surrounding stadium 

seats minimize evaporation loss from wind blowing away the envelope of 

humid air next to the body.

The coach has and must use a number of alternatives to protect the. 

athlete from the problem of heat buildup,. Some of the alternatives that 

the coach has available are: replacement of fluids lost to sweat,

substitutions of athletes, rest in-a cool place, a minimum of restrictive 

covering and the cooler times of day.

Many athletes and fitness enthusiasts overdress while exercising 

compounding the heat loss problem. The desired result is a reduction in 

weight; however, most weight lost is only water (sweat) and will-be

 ̂ " ■ -
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replaced as soon as the individual quenches their thirst. In addition, 

added heat load reduces the amount and/or intensity of exercise 

that can be tolerated because blood for cooling is unavailable for 

working muscles. To compensate, the heart beats faster to increase 

cardiac output. Unfortunately, even if CO is increased, the exercise 

stress (PLE from Laboratory 3) makes the same effort more difficult. 

Overall,, less work output is accomplished with more discomfort due to 

a higher core temperature.

Directions

The following equipment will be needed to perform the demonstration 

for this laboratory:

bicycle ergometer, 

stopwatch,

thermo sensers (4), . * 1 ■

digital thermometer,

thermocouple,

vinyl conditioning suit,

electrocardiograph.

Follow these steps for the laboratory demonstration:

I. turn on and allow the digital thermometer to warm up for at 

least thirty (30) minutes,

check all connections on, the thermometer, thermocoupler and 

electrocardiograph (ECG) (see Figure 6.1),

2.
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ECG electrodes

Transmitter

Thigh
Environment
(suit)

Back

Chest

Thermo sensers
receiver

Thermocoupler

Digital
thermometer

ECG

Figure 6.1

SCHEMATIC OF ENVIRONMENTAL EQUIPMENT SET UP



79

3. Attach one thermosenser to the inside top front of the vinyl 

suit with tape; leave the suit top turned inside out until 

the subject puts it on,

4. attach the skin electrodes for the ECG to the test subject by 

placing one electrode at the top of the sternum and the other 

on the subject's left side between ribs five and six,

5. attach three (3) thermosensers to the subject at the following 

locations:

Chest -o n  the lower lateral portion of the pectoral's major 

muscle.

Back - on the trapezius muscle just lateral to the spine.

Thigh - on the center of the hamstring muscle group,

6. record the resting HR, skin and environmental temperatures; 

the temperature given by the thermosenser on the inside of the 

vinyl suit will be considered as the environmental temperature,

7. the subject pedals the bike for five (5) minutes at 3 Kp 

(Workload I),

8. record HR and all four temperatures during the last ten 

seconds of each minute,

9. the subject is allowed a five minute rest period at the conclu

sion of Workload. I,

10. repeat steps 6 through 8 (Workload II) with the subject 

wearing the vinyl suit.
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11. plot HR on the graph supplied using the appropriate symbols for 

each workload (I and II), -

12. compare the temperatures from Workload I and II,
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Summary Sheet Laboratory 6

Without vinyl suit (3 Kp work load)

Time
(min)

Chest
Temp.

Back 
Temp.

Thigh
Temp.

Environ
mental
Temp.

Heart
Rate

Resting

I

2

3

4

5

With vinyl suit (3 Kp work load)

Resting

I

2

3

4

5
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210

HR VERSUS TIME GRAPH

180 -

150 -

HR
(BPM)

*

120

90

1 2 3 4 5Without suit - - - - -
With suit Time (min)Time (min)



LABORATORY 7

TRAINING EFFECTS ON PHYSICAL PERFORMANCE

Purpose

The purpose of this laboratory is to demonstrate the effect of 

training by measuring the difference in heart rate response to a 

reproducible exercise between a trained and untrained subject.

Background

Training is intended to produce specific changes to enhance exer

cise or sport performance. General exercise will not necessarily bring 

about the desired changes. For training methods to be effective, it is 

necessary to.know (I) if the desired changes'are taking place and 

(2) if there is a better way to produce the required changes.

The following principles of training may be used as a guide in 

selecting- methods used to develop athletic potential.

Specificity.

As a rule, the best training is achieved simply by 
carrying out the activity for which one is training. (5:393)

This means that the motion or action .and the speed of the motion must

replicate that used in the sport activity as closely as possible.

Measurement. A knowledge of the current and changing performance

level of the athlete.

In essence, to get the best possible performance from bur 
athletes the training stress must be optimized on an individual 
basis. To do this we must keep records of training progress. 
. . . .  (15:563)
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Reversibility. Any training change can be reversed toward the

starting point by a lack of training (detraining).

If you don’t use it, you lose it. Research evidence abundantly 
demonstrates that periods of physical inactivity will lead to 
losses in. strength, power, muscular endurance, flexibility and 
cardiovascular endurance. (34:147)

Repetition. Studies On human learning tend to indicate that repeti

tion of the specific motions used will increase the performance of those 

motions. (25, 33)

Overload. The term overload is used in relation to the optimum 

load based on the best combination of muscle contractile force and 

resistance to produce the largest work output. Research has shown that 

training with a resistance above that of an optimum, load is most bene

ficial for improvement of strength, power and endurance. (15:416-417) 

Heredity. Heredity sets limits on how much change can occur from 

training. (5:391-392)

The demonstration for this laboratory will-not be able to separate

the above discussed factors. However, the sum of all of the factors

will be reflected in a differing heart rate (HR) response by each subject

to the.same reproducible exercise on the bicycle ergometer.

Central circulation (SV and a corresponding higher VO Max) andZ
peripheral factors, (capillary supply, enzymes and fiber-adaptation) are 

the principal variables that account for a lower HR in a trained . 

individual. Since the use of a bicycle ergometer is a somewhat unusual 

mode of exercise for both subjects, learning, anatomic/anthropmetric
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differences and other factors may have an unknown effect.

Directions

The following equipment will be needed for this"laboratory:

electrocardiograph (ECG)

. bicycle ergometer,

stopwatch.

The following steps are used to perform this laboratory:

1. set up and check the ECG, bicycle ergometer and stopwatch to 

see if they are functioning properly, .

2. the first subject is prepared for the ECG by placing the skin 

electrodes on as in Laboratory 6,

3. the subject pedals, the bicycle ergometer at the first workload • 

(I Kp) for two (2) minutes,

4. the subject's HR is recorded during the. last ten (10) seconds 

of exercise,

5. the workload is increased and steps 3 through 5 are repeated 

for the remaining workloads (2 through 5),

6. plot the graph for the subject,

7. repeat steps 2 through 6 for the second subject. ■ -
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Summary Sheet Laboratory 7

Plot the heart rate response of each subject. 

Connect the points for each.

Workloads (Kp)

Trained
Untrained



LABORATORY 8

DETERMINATION OF BODY COMPOSITION

Purpose

The purposes of this laboratory are:

1. to learn the meaning of body composition,

2. to learn the underwater method of body composition analysis 

from a demonstration and calculate lean body mass and 

percent fat. of the subject,

3. to learn the skinfold method of body composition analysis 

from a measurement arid determination of the student's lean 

body mass and percent fat.

Background

Determination of a person's body.composition is a means of 

measuring the individual amounts of body fat (BF) and lean body mass 

(LBM) that are contained within that person. The BF measure is a 

measure of the person's fat content or adipose tissue. The LBM measure 

is a measure of the person's skeletal, muscular and organ tissue 

content. The combination of these two measQres (LBM and BF) equals the 

person's total mass or weight. Thus, if either LBM or BF is measured, 

the other measure can be determined by subtracting the measured value 

from the person's total weight. However, these values (LBM and BF) are 

normally expressed in terms of percent of the total weight.
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Stepping on a scale to see how much they weight is a part of the 

daily routine for most adults. Comparing scale weight to the height- ' 

age-sex-frame standards of the Metropolitan Life Insurance Company 

(see Table 8.1) provides a standard to attain or to maintain. 

Unfortunately, this widely used procedure is grossly inadequate in many 

instances. Two basic assumptions are made when scale weight is taken, 

neither of which is necessarily correct:

1. body composition has not changed,

2. a weight in the normal range implies the individual has an 

optimal or.ideal body composition.

To illustrate the importance of these false assumptions, consider 

the following examples. Table"8.2 shows two typical adult patterns 

which have taken place over a ten year period. A more sedentary life 

style is typical with increasing years, which can lead to atrophy of 

muscle mass. This atrophy is reflected in both subject’s decrease of 

LBM from the first LBM measure. Subject A has maintained a relatively 

constant weight but has significantly changed in body composition.

The LBM of subject A has dropped from ninety-one to eighty-five percent, 

a six percent decrease. . At the same time, subject A has increased in 

BF measurement by six percent. Subject B "put on a few" but the whole 

truth is that the "few" are indeed a "few more." Subject B has not 

only increased twenty pounds of scale weight but thirteen percent in BF

measurement.
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Table 8.1

METROPOLITAN LIFE INSURANCE COMPANY 
HEIGHT-AGE-SEX-FRAME STANDARDS31

Desirable Weights for Men, Ages 25 and over
Height

(with shoes on) 
I-in. heels 
ft. in.

Small
Frame

Medium
Frame

Large
Frame

5 2 112-120 118-129 126-141
5 3 115-123 121-133 129-144
5 4 118-126 124-136 132-148
5 5 121-129 127-139 135-152
5 6 124-133 130-143 138-156
5 7 128-137 134-147 142-161
5 8 132-141 138-152 147-166
5 9 136-145 142-156 151-170
5 10 140-150 146-160 155-174
5 11 144-154 150-165 159-179
6 0 148-158 154-170 164-184
6 I 152-162 158-175 168-189
6 2 156-167 162-180 173-194
6 3 160-171 167-185 178-199
6 4 164-175 172-190 182-204

Desirable Weights for Women, Ages 25 and over

Height
(with shoes on) Small Medium Large
2-in . heels Frame Frame Frame
ft. in.
4 10 92- 98 96-107 104-119
4 11 94-101 98-110 106-122
5 0 96-104 101-113 109-125
5 I 99-107 104-116 112-128
5 2 102-110 107-119 115-131
5 3 105-113 110-122 118-134
5 4 108-116 113-126 121-138
5 5 111-119 116-130 125-142
5 6 114-123 120-135 129-146
5 7 118-127 124-139 133-150
5 8 122-131 128-143 137-154
5 9 126-135 132-147 141-158
5 10 130-140 136-151 145-163
5 11 134-144 140-155 149-168
6 0 138-148 144-159 153-173

31. Thorn, George W. and Philip K. Bendy, Principles of Internal 
Medicine, McGraw-Hill Book Company, New York, New York. 1962.
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Table 8.2

BODY MASS COMPARED TO SCALE WEIGHT

Scale
Weight (lb) %LBM LBM(Ib) %BE BF(Ib)

Subject A

Start of period 155 91 141 9 14

End of period 158 85 133.5 15 24.5

Subject B

Start of period 160 88 140.8 12 ■ 19.2

End of period 180 75 135 25 45

Assessing body composition by separating it into LBM and BE is

much more predictive of the .individual’s physical state than that of

scale weight alone I Average amounts of BE have been determined

according to sex and age with twenty percent (20%) for,males and

thirty percent (30%) for females considered obese. (27:355)

The athlete that has added pounds of muscle may be categorized as 

overweight even if that athlete has less than an average amount of body 

fat (BE). The opposite often occurs with very sedentary individuals. 

They may be of normal weight and yet have a higher percentage of BE and 

a lower percentage of lean body mass (LBM) than average. Thus, it is

important to remember that "normal" weight does not necessarily mean 
ideal body composition.
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The above examples illustrate how necessary this separation of LBM 

and BE is for everyone. The importance of body composition is even more 

important for the athlete to determine ideal "playing weight".because a 

weight loss/gain could significantly impair athletic performance.

Several methods are used to measure body composition, some of which 

are: rendering of fat.from nonfat, underwater weighing and skin fold

measurement. Only a rendering of fat from nonfat is completely accurate 

and obviously not applicable, since such a method would end the subject's 

Iifei ■ The other two methods are indirect means and subject to error. 

Underwater weighing and skin fold are discussed separately below and 

their error factors will be considered in the discussion. However., the 

important factors of body composition measurement are:

1. test-retest using the same method will provide an accurate 

direction of change in body composition,

2. even a test with some error is superior to scale weight alone.

Underwater Weighing

The underwater weighing method is based on the following:

1. density (D), -

2. specific gravity, and

3. Archimedes Principle

Density. . The density (D) of an object is a measure of. how much 

weight (W) is packed into the volume (V) occupied or D = W/V. For 

example, a cubic inch of lead has a greater density than a cubic inch
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of cork because the lead has more mass within its volume.

Specific gravity. The specific gravity (SG) of a material is the

relative density of that material (D̂ .) compared to the density of an

equal volume of water (D ) or SG = ;D /D . . (9:346) This comparisonw m w -
permits an understanding of buoyant force (Archimedes Principle will 

further elaborate on buoyancy). If the SG is larger than one (I), 

the downward force due to gravity is greater than that of the upward 

buoyant force and the object will sink. The opposite is true if the SG 

is less than one (I). The SG's of the primary body tissues are as 

follows:

skeletal - about 1.2,

muscular and organ tissue - about 1.0, and

adipose tissue or body fat - about .9.

Therefore, a person with a large percentage of BE will float whereas a

lean muscular individual will tend to sink. The floatation in the first

instance is due to the added buoyant force of the less dense adipose

tissue and the absence of buoyancy in the second.

Archimedes Principle. Archimedes Principle applies the concept

of D .to the displacement of a fluid by an object stating that a

partially or completely submerged object is buoyed up by a force (F)

equal to the density (D) of the fluid multiplied by the volume (V) of

the fluid displaced by the object or F = D x V. Using the example of■
' v

the cubic inch of lead and cork again in this example, both (lead and
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cork) have the same volume so they both will displace the same volume of 

water when completely submerged, and therefore will be acted upon by the 

same magnitude of an upward force of buoyancy. The downward force 

exerted by the lead exceeds the force upward by the water because the D 

of lead is greater and consequently the lead sinks. Using similar 

reasoning it can be understood why the cork floats. Like the lead and 

cork, people do not have the same D due to their ratio of LBM to BE. 

Thus, people do not all have the same buoyancy. By using Archimedes 

Principle individuals can be weighed in water to determine if they have 

a high or low buoyancy, a large or small amount of adipose tissue.

Equations have been developed to estimate the percent of BE from 

a measured D. However, several sources of error exist with the 

equation method. Some of the major error sources are:

1. residual volume (RV) - differs from person to person, changes 

with age and if not measured directly, can be a large error 

factor,

2. expelling the vital capacity (VC) - this is primarily a 

learning factor because the expulsion of air under water can

be a frightening experience, especially for someone not at ease 

while in the water,

3. trapped intestinal gas - gas formation from digestive 

processes.

The major sources of error have trapped air as a common factor.
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Obviously, an unknown buoyant force from trapped air can invalidate 

this method of measurement. These error factors must,be known to be 

able to interpret inconsistencies inomeasurements of body composition.

Skin Fold

■The skin fold technique for measuring body composition has become 

popular due .to its ease with relative accuracy. All persons could use 

a routine skin fold (SF) analysis in addition to scale weight to main

tain a record of body composition changes.

Deposits of adipose tissue or BE are distributed"between sub

cutaneous and internal sites in approximately a 50:50 ratio. The 

distribution sites of BE differs between the sexes. Examples of sex- 

linked subcutaneous depot sites are: the fat deposits males tend to

acquire laterally above the belt and the deposits females tend to 

acquire in the gluteals and thighs. The thickness of selected sub

cutaneous sites (see Figures 8.1-5) provide an index of total body fat. 

Deriving a formula, such as the one used later in this laboratory, 

involves measuring skin folds at many body sites on a large population. 

The same subjects are tested by weighing underwater and a statistical 

analysis used to determine which skin fold sites have the highest 

correlation with the underwater method used as the criteria. An example 

of how the skin fold method has been applied in a non-precise way is 

the "Kellogg’s Pinch-an-Inch Test." •
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Figure 8.1 

Suprailliac

Figure 8.3 
Thigh

Figure 8.1-5

SKIN FOLD SITES



A number'of factors can produce errors using the skin fold method. 

The student must become familiar with _them to avoid an erroneous measure 

ment in the performance of this laboratory.■

1. the tester pinching the skin too hard,

2. muscle tissue included in the skin fold,

3. the measurement taken too close to the compressed tissue of 

the pinch,

4. the sides of the "pinch" not being parallel,

5. not applying the caliper to the precise site defined.

Directions

The directions for this laboratory are divided into separate 

sections for underwater weighing and skin fold analyses.

Underwater weighing. The equipment needed for the underwater 

weighing demonstration is listed below and shown in Figure 8.6. 

scale 

swing

rope or chain 

weights

water tank or swimming pool

The following is an outline of the demonstration you will see.

1. the scale, swing and chain are prepared for use (see Figure 8.6)

2. weigh the subject while dry to obtain the body weight (M)

air. M = lbs. a ■ ---

96
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Swing

Woter Line

Position Before Subject is Weighed

LT

H : :
i

■ j

M
ji
_i

Position While Subject is Weighed

Figure 8.629
UNDERWATER WEIGHING APPARATUS

29. From EXPERIMENTS AND DEMONSTRATIONS IN EXERCISE PHYSIOLOGY 
by Wayne E. Sinning. Copyright (c) 1975 by W.B. Saunders Company. 
Reprinted by permission of Holt, Rinehart and Winston.
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3. attach 2-3 Kg (5-6 lbs) to the weight belt and place it on the 

swing seat. Read the apparatus weight from the scale. This 

is the Tare Weight (TW) or a constant correction factor.

TW = ____lbs.

4. the subject stands in chest deep water with hips against the 

swing seat and removes all air bubbles from hair, suit and 

skin,

5. two or three deep breaths are taken and then all air possible 

expelled,

6. the subject gently lowers down to a seated position on the

swing. Note: assuming a tuck position aids in expelling more

air, see Figure 8.6. The subject should remain underwater as 

motionless as possible to facilitate the next step,

7. read the value from the scale and record it. The value 

should be read at the midpoint of the fluctuation using the 

value from step 8,

8. repeat steps 6 and 7 five to ten times or until the readings- 

are consistent,

determine the subject’s underwater weight (M ) by taking the
W

highest recorded weight and subtracting the tare weight from 

it, Mw = highest recorded -weight - T W  = ____lbs.

9.
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10. convert and from pounds to grams using the following 

conversion: I lbs = 454 grams

Example: = 150 lbs = 150 lbs x = 68,100 gm.

11. compute the subject's density (D) from the following formula,ii
Ma (29:52) Db =M - M  \-RVa___ w)
DW J

Where M^ = the body weight in air (grams)

M = the body weight in water (grams) w
D = density of water or 1.0 gram/cubic centimeter 
w by. definition

RV = the residual value, (1500 cc for males and 
1200 cc for females)

Icc = I gram,

12. compute the percent of fat for the subject.from the following

percent fat = _

Skin fold.' The only piece of equipment needed is the skin fold 

calipers. Figures 8.1-5 demonstrate the sites to be used. Measure each 

site three times using the following procedure.

I. pinch or pick up the subject's skin between your thumb and 

index finger making sure that you do not have the underlying 

muscle tissue,

. 2. let the caliper close on the double layer of skin

formula, percent fat = - 4.142) x 100 (29:52)
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approximately one (I) centimeter from your fingers and where 

the skin layers are parallel to each other,

3. the sites for male and female differ. The sites listed below 

are shown in Figures 8.1-5.

Male: Thigh (T) Figure 8.3 - anterior thigh, halfway between
the patella and inguinal fold.
T =

Subscapular (Sa) Figure 8.2 - just below the inferior
angle of the scapula.
Sa =

Chest (C) Figure 8.5 - halfway between the nipple and
the armfold.
C = -

Female: Suprailliac (Si) Figure 8.1 - just above the highest
arch of the illium.
Si =

Tricep (Tr) Figure 8.4 - halfway between the acromion
and the olecranon processes 
on the posterior of the arm. 
Tr = _____

Thigh (T) Figure 8.3 - same as the male.
T =

4. compute the density (Dg) with both formulas. There are two 

for each sex.
(48:304)

Male: ' DB = 1.09716 - .00065(C) - .00055(Sa) - .OOOS(T)

DB = 1.1043 - .001327(T)- . 00131(Sa) (51:311)

Female: DB = 1.0852 - .OOOS(Si) - .0011 x (T) (49:749)

DB = 1.0764 - ..OOOSl(Si)- .00088(Tr) (51:970)
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5. compute the percent of body fat from the following formula, 

percent fat = (4.570/Dg - 4.142) x 100 

percent fat = %.



Summary Sheet Laboratory 8 .
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Underwater

TW = _

M = w
Skin fold 

Male: T

Sa

C

D.

''M - M  a w - RV

»  /

percent fat - 4.142} x 100

B --
percent fat

and

Female: Si =

Tr = 

T =

0B = and

percent fat

Trial

T
Sa
C
Si

Average

Male:

DB -

1.09716 - .00065 x - .0005 x - .0008

1.1043 - .001327 x - .00131 x .11 I

Female: DB = I.0852.- .0008 x - .0011 x 0B =

DB = 1.0764 - .00081 x - .00038 X • 0B =



LABORATORY 9

NUTRITIONAL INVENTORY

Purpose

For this laboratory the student will record and analyze an example 

of his/her nutrition and energy expenditure for the following purposes:

1. to determine if the major recommended daily allowances are met,

2. to estimate if a positive or negative energy balance exists,

3. to become aware of caloric distribution among food types;

Background

Nutrition is an important aspect of fitness. Convenience and taste 

appeal often are greater influencing factors in food selection than 

meeting energy requirements with items that can enhance health and 

athletic performance. Optimal nutrition will fulfill these requirements

1. supply.all required nutrients (vitamins, minerals, fiber, water 

and protein) at or above the recommended daily allowance (RDA) 

levels (see Table 9.1),

2. balance energy intake to expenditure to achieve a body composi

tion with as low a percentage of adipose tissue as is compati

ble with individual body structure,

3. supply sufficient fiber for proper intestinal function,

4. be high in complex carbohydrates to rebuild muscle and liver 

glycogen to maximize athletic performance without disrupting 

blood glucose levels.



Table 9.1 RECOMMENDED DIETARY ALLOWANCES, REVISED 1980 
Designed for the maintenance of good nutrition of practically all healthy people in the U.S.A. 
Food and Nutrition Board, National Academy of Sciences - National Research Council.
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56. Journal of the American Dietetic Association, Volume 75, December 1979 (624).
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5. have little or no added salt to prevent hypertension.

6.. be low in total fat to minimize cardiovascular disease.

The list below spans the range of dietary fat intake proposed 

and recommended for the average American. The average 

American diet, however, exceeds the highest (poorest) of 

these recommendations.

a. less than 10 percent of total calories with zero 

saturated fat (44),

b. 35 percent or less of the first 2500 kilocalories total 

fat and 10 percent or less of the same amount of 

saturated fat (50),

c. 35 percent of 2000 kilocalories or 78 grams. (17:169) 

Directions

This laboratory is an individual project to help the student 

analyze his/her typical diet with respect to the factors listed for 

optimal nutrition. A grade will be assigned for compliance with the 

following directions and NOT if the listed daily recall meets the 

recommendations. The learning benefit to the student will be 

proportional to the accuracy of food intake recorded and the thorough

ness of completing the tables.

The following is an outline for filling out Nutritional Forms 

(N.F.) I and II which will be used to analyze the student's diet and 

energy balance.
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1. list on N 1F- I all foods,' beverages and the quantities of each 

consumed (students in dormitories cnn request the composition 

of dishes),

2. use a composition of foods book (on reserve in the library) 

to obtain the specific values in order.to complete N.F. I,

3. use Table 9.2 to estimate the amount of cholesterol in food,

4. simple and complex carbohydrates can be separated by placing

all food items containing sugar, honey, molasses, jam or other 

sweetners into the simple group and fruits, vegetables and whole 

grain cereal products into the complex group,

5. salt content will be estimated from these sources: salt used

in processing, added during cooking and salt added at the table. 

A check mark is to be placed for each time the food item has 

salt added in any of the above three ways. For example, potato, 

chips would receive a check for the processing, spaghetti for 

the salt added to the water and any time the table shaker is. 

used,

6. • food items can be estimated as too high of low in nutrient

quality (NQ) by a comparison of values, the percent of the

nutrient divided by the percent of calories or NQ = .% nutrient
% calories

(40:1) Calculate and record the NQ for each food's highest 

value nutrient.
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Table 9.2

•APPROXIMATE CHOLESTEROL CONTENT OF SELECTED FOODS 39 
(Values from Cholesterol Content of Foods*)

J

Portion Size Cholesterol per 
Edible Portion

S mg
Beef, cooked, trimmed -4 oz. 113 . 102 .

cooked, untrimmed 4 oz. 113 106
Brains, cooked, no fat added 3 oz. 85 '
Butter I pat 7 18
Cheese: Cheddar and Processed I oz. 28 28
Cottage, Creamed,■4% fat I cup 245 48
Cream I oz. 28 32
Spreads and Cheese Foods I oz. 28 19

Chicken, Turkey, cooked 4 oz. 113 102
Cream: Light (20% fat) I tbsp. 15 11
Half and Half (12% fat) I tbsp. 15 6

Eggs; whole I med. 50 252
White I med. 33 0
Yolk I med.. 17 252

Fish, lean and med.fat, cooked- 
haddock & halibut 4 oz. 113 70
very fat,cooked-mackeral & 
herring 4 oz. 113 H O  .

Gefilte Fish 3 oz. 85 54
Heart, cooked (beef) 3 oz. 85 233
Ham, cooked, trimmed 4 oz. 113 99 .

cooked, untrimmed 4 oz. 113 101
Ice Cream-rich, 16% fat I scoop 71 40
regular, 10% fat I scoop 71 28

Ice Milk I scoop 71 14
Kidney, cooked, no fat added 3 oz. 85 683.
Lamb, cooked, trimmed 4 oz. 113 113

cooked, untrimmed 4 oz. 113 113
Lard and other animal fat I tbsp. 14 14-17
Liver,cooked,no fat added-beef 3 oz. . 85 372

Chicken 3 oz. 85. 634
Margarine, all vegetable fat I .pat 7 0
Mayonnaise and mayonnaise-type 

salad dressing I tbsp. 14 8 ■ ■
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Table.9.2 (continued) * 39

Portion Size Cholesterol per 
Edible Portion

S___________ mg '

Milk: Fluid, whole I cup 244 34
Fluid, skim I cup 246 5
Fluid, 1% fat I cup 246 14

Pork, cooked, trimmed 4 oz. 113 99
cooked, untrimmed 4 oz. ■ 113 101

Shellfish, Clams 4 oz. 113 71
Lobster 4 oz.. - 113 96
Shrimp, cooked 4 oz. 113 170
Crabs 4 oz. 113 113

Sweetbreads, cooked 3 oz. 85 396
Tongue, cooked fresh 3 oz. 85 119

cooked smoked 3 oz. 85 179
Veal, cooked, trimmed 4 oz. 113 112

cooked, untrimmed. 4 oz. 113 114

* Cholesterol is not present in foods of plant origin such as fruits, 
vegetables, cereal grains, legumes, nuts or oils.

39. Feeley, R. M., P. E. Criner and B. K. Watts, Journal of 
American Dietetic Association, Volume 61. 1972.
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7. on a typical day estimate the amount of time spent in all 

forms of activity. Be sure to include non—exercise 

activities, such as sleeping, reading, etc. and record each 

activity and the amount of time onN.F. II. Be sure that the 

time interval is activity time not clock time,

8. refer to Appendix B to determine the amount of energy 

expended for each activity and record on N.F. II,

9. total each part of N.F. I and II as prescribed and record 

these, values on the summary sheet,

10. compare your energy intake to Table 9.3,

11. compare your nutrient totals to those recommended dietary 

allowance values for your sex and body size on Table 9.1,

12. place a + after the total on the summary sheet if you 

exceeded the value on Table 9.1 and a - if you were under 

the value, -

13. fiber content can be estimated from complex carbohydrate.

If 40% or more of the total calories consumed came from 

complex carbohydrates, an adequate fiber intake can be 

assumed; place a + after the complex carbohydrate total if you 

met or exceeded 40% and a -, if not,

14. count the number of food items that have an NQ of less than one 

(I) and record on the summary sheet.



the addition of salt to three or more food items during the 

day may suggest excessive salt in the diet (the laboratory 

instructor will elaborate); record the total number of checks 

for salt on the summary sheet.
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Table 9.3

MEAN HEIGHTS AND WEIGHTS AND RECOMMENDED ENERGY INTAKE56 *
age w eig h ’ h e ig h t energy
and
sex kg- lb . cm . in . needs range

group U J kca l kca l

infants
0.0-0.5 yr. 6 13 60 24 kg. X 0.48 kg. X 115 95- 145
0.5-1.0 yr. 9 20 71 28 kg. X 0.44 kg. X 105 80- 135

children
1-3 yr. 13 29 90 35 5.5 1.300 900-1,800
4-6 yr. 20 44 112 44 7.1 1.700 1.300-2,300
7-10 yr. 28 62 132 52 10.1 2.400 1,650-3,300

males
11-14 yr. 45 99 157 62 11.3 2.700 2.000-3.700
15-18 yr. 66 145 176 69 11.8 2,800 2,100-3.900
19-22 yr. 70 154 177 70 12.2 2,900 2.500-3.300
23-50 yr. 70 154 178 70 11.3 2,700 2.300-3.100
51-75 yr. 70 154 178 70 10.1 2,400 2.000-2.800
76+ yr. 70 154 178 70 8.6 2,050 1,650-2.450

females
11-14 yr. 46 101 157 62 9.2 2,200 1.500-3.000
15-18 yr. 55 120 163 64 8.8 2,100 1.200-3.000
19-22 yr. 55 120 163 64 8.8 2.100 1,700-2.500
23-50 yr. 55 120 163 64 8.4 2,000 1.600-2.400
51-75 yr. 55 120 '63 64 7.6 1,800 1.400-2,200
76 +  yr. 

pregnancy 
lactation

55 120 163 64 6.7 1,600 
+ 300 
+  500

1.200-2.000

*From Rccomrnendfd Dietary Allowances. Revised 1980. Food and Nutrition 
Board, National Academy of Sciences— National Research Council. Wash
ington, D C. The data in this table have been assembled from the observed 
median heights and weights of children, together with desirable weights for 
adults for mean heights of men (70 in. I and women (61 in. I between the ages of 
eighteen and thirty-four se a rs  as surveyed in the I . a. population (OIIKW/NCHS 
data).

Energy allowances for the young adults are for men and women doing light 
work. The allowances for the two older age groups represent mean energy needs 
over these age spans, allowing for a 2 per cent decrease in basal (resting) 
metabolic rate per decade and a reduction in activity of 200 heal per day for 
men and women between fiftv-one and seventy-five y»ars: 500 krai for men over 
seventy-five years; and 100 kcal for women over seventy-live (see text). The 
customaiy range of daily energy output is show n for adults in the range column 
and is based on a variation in energy needs of ±  400 krai at any one age I see 
text and Garrow. 1978), emphasizing the wide range of energy intakes 
appropriate for any group of people.

Energy allowances for children through age eighteen are based on median 
energy intakes of children "I these ages (allowed in longitudinal growth s tu d ie s . 
Ranges are the iL'th and VOth percentiles of energy iniake. to indicate range ol 
energy consumption among children of these ages

56 Journal of the American Dietetic Association, Vol. 75, 
December 1979.
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Summary Sheet Laboratory 9

Total Energy Intake 

Total Energy Used 

Total Calories of Saturated Fat 

Total•Calories of Unsatufated Fat 

Total Cholesterol (mg)

Total Calories of Simple Carbohydrates 

Total Calories of Complex Carbohydrates 

Total Iron (mg)

Total Calcium (mg)

Total Vitamin C (mg)

Total food items with NQ less than one (I)

Total Salt



NUTRITION FORM I

Food Ite m Quan C a l
Z

S a t .
F a t

Z
U n s a t.

F a t

mg
C h o i.

Z
S im p le

Cho

Z
Comp

Cho

mg
Ir o n

mg
Ca

mg
V l t  C NQ S a lt

TOTALS

113
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Activity Time

NUTRITION FORM II

Energy
Expenditure Rate

Total
Energy Used
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APPENDIX A

EQUIPMENT DESCRIPTION

Arm Ergometer - A device used to apply a reproducible resistance to 

be moved by arm flexion.

Bicycle Ergometer - A bicycle-like device used to apply a reproducible 

workload.

Collins Vitalometer - A spirometer used to measure and collect small 

amounts of ventilated air.

COg Analyzer - A physical means used to measure the concentration of 

carbondioxide present in an air sample.

Digital Thermometer - A thermometer that electrically displays the 

temperature.

Electrocardiograph- A device used to monitor the electrical activity 

of heart function.

Electromyograph - A device used to measure the electrical activity with

in muscles.

Physiograph - A device used to record data concerning physiological 

principals..

Goniometer - A device used to measure joint angles.

Metronome - A timing device used to maintain a specific rhythm.

Movement Timer - An instrument used to measure the time taken for a

specific movement.
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Og Analyzer - A physical means used to measure the concentration of 

oxygen present in an air sample.

Reaction-Movement Time Machine - A timer used to measure the interval 

between a stimulus and a subject’s reaction to the stimulus and the 

interval between the initiation reaction and completion of a specified 

movement pattern.

Receiver - A device used to collect data sent by the transmitter and 

then relays the data to the physiograph.

’Skin-Fold Caliper - A device used to measure the thickness of a skin 

fold.

Sphygmomanometer - A cuff used to apply a variable pressure resistance 

to blood flow in the trachial artery.

Stethoscope - A sound amplifying device.

Thermo Sensers - Heat sensitive wire used to detect temperature changes. 

Thermocoupler - A device used to connect thermosensers to a digital 

thermometer.

Tissot Tank - A spirometer used to collect and measure large air volumes. 

Transmitter - A device used to detect and send physiological data to the

receiver. 4I
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APPENDIX B

ENERGY EXPENDITURE CARRYING OUT PERSONAL NECESSITIES47

Age Sex Wt.,kg. Activity Cal/min.

8-11 F 34 Dressing and undressing 2.3

9-10 M 35 Dressing and undressing. 2.5

28 M 58 Washing hands and face, brushing hair 2.5.

28 M 68 ■Washing, and dressing 2.6

43-55 F 70 Washing, dressing and undressing 3.3

21-23 M 73 Dressing, washing and shaving 3.8

18-20' M 69 Dressing ■4.0

20-25 M 62 Washing and shaving 2.6

20-25 ' .M 62 Dressing 3.0

47. Passmore, R. and J.V.G.A. Durnin, "Human Energy Expenditure," 
Physiological Reviews, Volume 35, pg. 801, 1955.
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ENERGY EXPENDITURE 5

Activity Time,
hr

Rate^
kcal.min kj

Total
kcal.min MJ

Man

Sleeping and lying* 8 1.1 4.6 540 2.3
Sitting* ** 6 1.5 6 3 540 2.3
Standing*** 6 ' 2.5 10.5 900 3.8
Walking**** 2 3.0 12.5 360 1.5
Other***** _2 4.5 18.8 ' 540 2.3 '

Total 24 2880 12.2

Female

Sleeping and lying* 8 1.0 4.2 480 2.0
Sitting** 6 1.1 4.6 420 1.7
Standing*** 6 ■ . 1.5 6.3 - 540 2.3
Walking**** 2 2.5 10.5 . 300 1.3
Other***** 2 3.0 12.5 360 1.5

Total 24 2100 8.8

5. /Pstrand, Per-Olof and Kaare Rodahl, Textbook of Work 
Physiology, McGraw-Hill Book Company, New York, New York. 1977.

^Essentially basal metabolic rate plus some allowance for turning 
over or getting up or lying down. .

**Includes normal activity carried on while sitting, e.g., reading 
driving an automobile, eating, playing cards, and desk or bench work.

***Includes normal indoor activities while standing and walking 
spasmodically in limited areas, e.g., performing personal toilet, 
moving from one room to another.

* * * * I n c l u d e s  purposeful walking, largely outdoors, e.g., home 
to commuting station to work site, and other comparable activities,

*****Includes spasmodic activities in occasional sport exercises, 
limited stair climbing, or occupational activities involving light 
physical work. This category may include weekend swimming,■golf, tennis, 
or picnic using 20 to 85 kJ.min (5 to 20 kcal) for limited time.
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ENERGY EXPENDITURE DURING LIGHT INDOOR RECREATIONS47

Age Sex Wt.,kg. Recreation Cal/min

32 M 66. Lying at ease . 1.4

19 M 70 Lying at ease 1.5 .

34 M 66 Sitting at ease 1.6

24 M 62 Sitting at ease 1.6

44 F 65 Sitting eating 1.5 ■

21 M 80 Sitting, listening to radio 2.0

21 M 82 Sitting, listening to radio 2.5

25 M 64 ' Sitting, writing 1.9

21 M 82 Sitting, writing 2.2

21 M 80 Sitting, playing cards 1.9

21 M 76 ■ Sitting, playing cards 2.1

young •M Sitting, playing cards 2.4

62 Sitting, playing woodwind 2.0

70 Sitting, playing horn .2.0

■ 62 Sitting, playing flute 2.2

30 M 68 Sitting, playing accordion 2.2

34 M 62 Sitting, playing piano 2.5

62 Sitting, playing violin 2.7

28 M ' 63 Sitting, playing cello 2.6 .
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Age Sex Wt,,kg. Recreation Cal/min

M 60 Sitting, playing organ 3,2

M 65 Sitting, playing organ 3,5

' 49 • M 58 Sitting, playing drums 4.0

65 Sitting, playing drums 4,2

26 M 69. Standing at ease 1.7

38 ■ M 64 Standing at ease Ii 9

25 M 64 Standing, drawing 2.3

50 M 64 Standing, conducting orchestra 2.5

28 M 67 Standing, playing trumpet 2.1

67 M 71 Standing, playing double bass 2.5

33 M 64 Playing with children 3.5

47. Passmore, R. and J.V.G.A. Durnin, "Human Energy Expendicture, 
Physiological Reviews, Volume 35, pg. 801, 1955.

11



- ' CALORIE EXPENDITURE PER MINUTE FOR VARIOUS ACTIVITIES ̂

Body Weight
' 90 99 108 117 125 134 143 152 161 170 178 187 196 205

Archery 3.1 3.4 3,7 4.0 4.5 4.6 4.9 5.2 5.5 5.8 6.1 6.4 6.7 7.0

Badminton 3.4 3.8 4.1 4.4 4.8 5.1 5.4 5.6 6,1 6.4 6.8 7.1 7.4 7.8
(recreation)
Badminton 5.9 6.4 7.0 7.6 8.1 8.7 9.3 9.9 10.4 11.0 11.6 12.1 12.7 13.3
(competition)
Baseball 2.8 3.1 3.4 3.6 3.9 4.2 4.5 4.7 5.0 5.3 5.5 5,8 6,1 6.4
(player)
Baseball 3.5 3.9 4.3 4.6 5.0 5.3 5.7 6.0 6.4 6.7 7.1 7.4 7.8 8.1
(pitcher)
Basketball 2.5 3.3 3.5 3.8 4.1 4.4 .4;7 4.9 5.3 5.6 5.9 6.2 6.4 6.7
(half-court)
Basketball 4.2 4.6 5.0 5.5 5.9 . 6.3 6.7 7.1 7.5 7.9 8.3 8.8 9.2 9.6
(moderate)
Basketball 5.9 6.5 7.1 7.7 8.2 8.8 9:4 10.0 10.6 11.1 11.7 12.3 12.9 13.5
(competition)
Bicycling 3.0 3.3 3.6 3.9 4.2 4.5 4.8 5.1 5.4 5.6 5.9 6.2 6.5 6.8
(level) 5.5mph 
Bicyling (level) 6.4 7.1 7.7 8.3 8.9 9,6 10.2 10.8 11.4 12.1 12.7 13.4 14.0 14.6
13 mph 
Bowling 4.0 4.4 4.8 5.2 5^6 5.9 6.3 6.7 7.1 7.5 7.9 8.3 8.7 9.1
(nonstop)
Boxing 3.0 3.3 3.6 3.9 4.2 4.5 4.8 5.1 5.4 5.6 5.9 6,2 6,5 6.8
(sparring)
Calisthenics 3.0 3.3 3.6 3.9 4.2 4.5 4.8 5.1 5.4 5.6 5.9 ■ 6.2 6.5 6.8
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Body Weight
90 99 108 117 125 134 143 152 161 170 178 187 196 205

Canoeing 2,5 mph 1.8 1,9 2,0 2.2 .2,3 2,5 2.7 3.0 3.2 3,4 3,6 3.7 3.9 4.1

Canoeing 4.0 mph 4.2 4.6 5.0 5.5 5.9 6.3 6.7 7.1 7.5 7.9 8.3 8.7 9.2 9.4

Dance,modern 2.5 2.8 3.0 3.2 3.5 3.7 4,0 4.2 4,5 4.7 5,0 5,2 5,4 5.7
(moderate)
Dance,modern 3.4 3.7 4.1 4,4 4.7 5.1 5.4 5.7 6.1 6.4 6.7 7.1 7.4 7.7
(vigorous)
Dance, fox-trot 2,7 2,9 3.2 3,4 3,7 4.0 4,2 4,5 4,7 5.0 5,3 5.5 5,8 6.0

Dance, rumba 4.2 4,6 . 5.0 5.4 5,8 6.2 6.6 7,0 7.4 7.8 8.2 8.6 9.0 9.4

Dance, square 4,1 4.5 4.9 5.3 5.7 . 6.1 6.5 6.9 7.3 7.8 8.1 8.5 8.9 ' 9.3

Dance, waltz 3.1 3,4 3,7 4,0 4.3 4.6 4.9 5.2 5.5 5.8 6,1 6.4 6.7 7.0

Fencing 3.0 3.3 3.6 3.9 4.2 4.5 4.8 5.1 5.4 5.6 6.0 6.2 6.5 6.8
(moderate)
Fencing 6.2 6.8 7.4 8.0 8.6 9.2 9.8 8.7 11.0 •11.6 12.2 12; 8 13.4 14.0
(vigorous)
Football 3.0 3.3 3.6 4.0 4.2 4.5 4.8 5.1 5.4 5.7 6.0 6.2 6.5 6.8
(moderate)
Football 5.0 5.5 6.0 6.4 6.9 7.4 7.9 8.4 8.9 9.4 9.8 10.3 10.8 11.3
(vigorous)
Golf,2-some 3.3 3.6 . 3.9 4.2 4.5 4.8 5.2 5.5 .5.8 6.1 6.4 6.7 7.1 7.4

Golf,4-some 2.4 2.7 2.9 3.2 3.4 3.6 3.9 4.1 4.3 4.6 4.8 5.1 5.3 5.5

Handball 5,9 6.4 7.0 7.6 8.1 8.7 9.3 9.9 10.4 11.0 11.6 12.1 12.7 13.3

L__
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Body Weight
90 99 108 117 125 134 143 152 . 161 170 178 187 196_ 205 .

Hiking, 40 lb, 
pack,3.Omph

4.1 4.5 4.9 5.3 5.7 6.1 6.5 6.9 7.3 7.7 8.1 8.5 8.9 9.3

Horseback Riding-2.0 
(walk)

2.3 2.4 2.6 . 2.8 3.0 3.1 3.3 3.5 3.7 3.9 ' 4.1 4.3 4.5

Horseback Riding 
(trot)'

4.1 4.4 4.8 5.2 5.6 6.0 6.4 6,8 7.2 7.6 8.0 8.4 8.8 9.2

Horseshoe
Pitching

2,1 2.3 2.5 2,7 3,0 3.3 3,4 3.6 3,8 4,0 4.2 4,4 4.6 4.8

Judo, Karate 7.7 8.5 9,2 10.0 10,7 11.5 12.2 13.0 13,7 14; 5 15,2 16.0 16.7 17,5

Mtn.Climbing 6.0 6.5 7.2 7.8 8.4 9,0 9.6 10.1 10.7 11.3 11.7 12,5 13.1 13.7

Paddleball, 
Racquetball

5.9 6,4 7.0 7.6 8.1 8.7 9.3 9.9 10.4 11.0 11.6 12,1 12.7 13.3

Pool, Billiards 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.4 2.5

Rowing
(recreation)

3.0 3.3 3.6 3.9 4.2 4.5 4.8 5.1 5.4 5.6 6.0 6.2 6.5 ■ 6; 8

Rowing
(machine)

8.2 9.0 9.8 10.6 11.4 12.2 i3. d 13.8 14.6 15.4 16.2 17.0 17.8 18.6

Running,11-min 
mi.,5.5 mph

6,4 7.1 7.7 8.3 9.0 9.6 10.2 10.8 11.5 12.1 12.7 13.4 14.0 14.6

Running,8.5-min 
mi.,7 mph

8.4 9.2 10.0-10.8 11.7 12.5 13.3 14.1 14.9 15.7 16.6 17.4 18.2 19.0

Running,7-min 
mi.,9 mph

9.3 10.2 11.1 12.9 13.1 13.9 14.8 15,7 16.6 17.5 18.9 19.3 20.2 21.1

Running,5-min . 
mi., 12 mph

11.8 13.0 14.1 15.3 16.4 17.6 18.7 19.9 21.0 22.2 23.3 24.5 25,6 26.8
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Body Weight

90 99 108 117 125 134 143 • 152 161 170 178 187 196

Stationary Run
ning, 140 
counts/min. 14.6 16.1 17.5 18.9 20.4 21.8 23.2 24.6 26.1 27.5 28,9 30.4 31.8

Sprinting 13,8 15.2 16.6 17.9 19.2 20.5 21.9 23.3 24,7 26.1 27.3 28,7 30.0

Sailing 1.8 2.0 2,1 2.3 2.4 2,7 2,8 3,0 3,2 3.4 3,6 3.8 ' 3,9

Skating 3.4 3.8 4.1 4.4 4.8 5.1 5.4 5.8 6.1 6.4 6.8 7.1 7.4
(moderate) ■ 
Skating 6.2 6.8 7.4 8.0 8.6 9.2 9.8 9.9 11.0 11.6 12.2 12.8 13.4
(vigorous)
Skiing 5.8 6.4 6.9 7.5 8.1 8.6 9.2 9.8 10.3 10.9 11,4 12,0 12.6
(downhill) 
Skiing (level. 7.0 7.7 8.4 9.1 9.8 10,5 11.1 11.8 12.5 13.2 13.9 14.6 15.2
5 mph)
Skiing (racing 9.9 10.9 11.9 12.9 13.7 14.7 15.7 16.7 17.7 18.7 19.6 20.6 21,6
downhill)
Snowshoeing 3.7 4.1 4.5 4.8 5.2 5.5 ■ 5.9 6.3 6.7 7.0 7.4 7.8 8.1
(2.3 mph) 
Snowshoeing 5.4 5.9 6.5 7.0 7.5 8.0 8.6 9.1 9.7 10.2 10.7 11.2 11.8
(2.5 mph) 
Soccer 5.4 5.9 6.4 6.9 7.5 8.0 8.5 9.0 9.6 10.1 10.6 11.1 11.6

Squash 6.2 6.8 ' 7.5 8.1 8.7 9.3 9.9 10.5 11.1 11.7 12.3 12.9 13.5

Swimming, 3.6 4.0 4.3 4.7 5.0 5.4 5.7 6.1 6.4 6.8 7.1 7.5 7.8
pleasure 25 yds. 
min.

205

33.2

31.4

4.1 

' 7.8

14.0

13.1 

15.9 

22.6
8.5

12.3

12.2
14.2

8.2
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Body Weight
90 99 108 117 125 134 143 152 161 170 178 187 196 205

Swimming, back, 2.3 2.6 2,8 3.O' 3.2 3,5 3.7 3.9 4,1 4,2 4.6 4.8 5.0 5.3
20 yrds./min. 
Swimming, back. 3.2 3.5 3,8 4.1 4.4 4.7 5.1 5.4 .5,7 6.0 6,3 6,6 6.9 7,2
30 yds./min; 
Swimming, back, 5.0 5.5 5.8 6.5 7.0 7.5 7.9 8.5 8.9 9.4 9.9 10.4 10.9 11,4
40 yds./min. 
Swimming, breast 2.9 3.2 3.4 3.8 4.0 4,3 4,6 4,9 5,1 . 5,4. 5,7 6,0 6.3 6,5
20 yds./min. 
Swimming, breast 4.3 4.8 '5,2 5.7 6.0 6.4 6,9 7.3 7.7 8.1 8.6 9.0 9.4 • 9.9 ■
30 yds./min. 
Swimming,- breast 5.8 6.3 6.9 7.5 8.0 8.6 9.2 9.7 10.3 10,8 11.4 12.0 ■12.5 13.1
40 yds./min. 
Swimming,butter- 7.0 7.7 8.4 9.1 9.8 10.5 11.1 11.9 12.5 13.2 13.9 14.6 15,2 15.9
fly 50 yds./min. 
Swimming, crawl 2.9 3.2 3.4 3.8 4.0 4.3 4,6 4.9 5.1 5.4 5.7 5.8 ' 6.3 6.5
20 yds./min. 
Swimming, crawl 5.2 5.8 6.3 6.8 7.3 7.8 8.3 8.8 9.3 9.8 10.4 10.9 11.4 11.9
45 yds./min. 
Swimming, crawl 6.4 7.0 7.6 8.3 8.9 9.5 10.1 10.7 11.4 12.0 12.6 13,2 13.9 14.5
50 yds./min. 
Table Tennis 2.3 2.6 2.8 3.0 3.2 3.5 3.7 3.9 4.1 4.2 4.6 4.8 5.0 5.3 .

Tennis 4.2 4.6 5.0 ' 5.4 5.8 6.2 6.6 7.0 7.4 , 7.8 8.2 8.6 9:0 9.4
(recreation)
Tennis 5.9 6.4 7.0 7.6 8.1 8.7 9.3 9.9 10.4 11.0 11.6 12.1 12.7 13.3
(competition)
Timed 8.8 9.6 10.5 11.4 12.2 13.1 13.9 14.8 15.6 16.5 17.4 18.2 19.1 19.9
Calisthenics
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I Body Weight

90 99 108 117 125 134 143 152 '161 170. ,178 187, 196 205

Volleyball 3.4 3.8 4.0 4.4 4.8 5.1 5.4 5.8 6.1 ■ 6.4 6.8 7.1 7.4 7.8
(moderate)
Volleyball 5.9 6.4 7.0 7.6 8.1 8.7 9.3 9.9 10,4 11,0 11.6 12.1 12.7 13.3
(vigorous)
Walking 2.1 2.3 2.5 2.7 2.9 3.1 3.3 3.5 3.7 4.0 . 4.2 4.4 4.6 4.8
(2.0 mph) 
Walking 4.0 4.4 4.7 5.1 -.5.5 5.9 6.3 6.7 7.1 7,5 7.8 8.3 8.6 9.0
(4.5 mph) 
Walking HO- 3.1 3,4 3,7 4,0 4,3 4.7 5,0 5,3.. 5,6 5,9 6.2 6,5 6,8 7.1
120 steps/min. 
Waterskiing 4.7 5.1 5.6 6.1 6.5 7.0 7.4 7.9 8.3 8.8 9,3 9.7 10,2 10.6

Weight Training 4.7 5.1 5.7. 6.2 6.7 7.0 7.5 7.9 8.4 8.9 9.4 9.9 10.3 10.8

Wrestling 7.7 8.5 9.2 10.0 10.7 11.5 12.2 13.0 13.7 14.5 15.2 16.0 16.7 17.5

I. Allsen, Philip E., Joyce M. Harrison and Barbara Vance, Fitness for Life. 
Wm. C. Brown Company, Dubuque, Iowa. 1977.
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U N I V E R S I T Y  P A R K  P R E S S
International Publishers in Science, Medicine, and Education 

233 R A S T  R E D W O O D  S T R R R T  

B A L T IM O R E . M A R Y L A N D  t i l 20 2

June 25, 1980

Carl L. Dalmata 
Dept, o f H.P.E.R.
Montana State University  
Bozeman, Montana 59717

Dear Mr. Dalmata:

Permission is  hereby granted fo r  your use o f Figure 
8, page 130; from Wilson: ADULT FITNESS AND CARDIAC 
REHABILITATION in  accordance w ith your le t te r  o f 
June, 1980.

S incerely,

Cynthia Tabb

• :ct

Telephone: )Q1*5t7-0'OG T c le c  67-701 CdbIe- Pjrkpress
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C3S Inc., 383 Mdtiison Avenue 
NewYork. NewYork ICO 17 
(212) 583-9100

Mr. Carl L . DalmaCa 
Dep C. of M .P .E .R . • June 24, 1980
Montana State University. 
Bozeman, Montana 59717

Dear Mr. Dalmata:
Thank you for your letter requesting permission to use
the following material in your dissertation, thesis, or paper:

■ S e l e o t i o n :
Fig. 7-3, page 51 ■

Text and Credit L i n e :

From EXPERIMENTS AND DEMONSTRATIONS. IN EXERCISE PHYSIOLOGY, by 
Wayne E . Sinning. Copyright (c) 19 7,5 by W . B . Saunders Company, 
Reprinted by permission of. Holt , Rinehart and Winston.

The material you have requested may be used for the p u r 
pose you have indicated on the attached page provided 
you use the above credit line as your footnote.

I f  the selection above- contains any excerptsj figures, or 
illustrations from other sources, permission for the use of  
such material must be separately requested from the c opy
right holder of the original source, as indicated in our 
credit notice.

Should your dissertation or thesis later be accepted for 
any commercial publication or use, i t  would be necessary 
for you to renegotiate, this permission; -and our regular 
terms and fees would apply. If you have a n y ■questions, 
please let me know, and I will be glad to advise you.

College Permissions
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JOURNAL of THE AMERICAN DIETETIC ASSOCIATION

In reproducing the Recommended Dietary Allowances in your thesis, 
credit should not be .given to our JOURNAL. These allowances were 
developed by the Food and Nutrition Board of the National Research 
Council, and they are the only ones who should be credited.
As indicated on page 623 of our December 1979 issue,- permission to 
reproduce these tables is automatically available, provided the 
stipulated credit line is used (the words "in press" should now be 
omitted since the tables nave actually been' published now) .
Sincerely yours,

4 3 0  NORTH M IC H IG A N  AVEN UE. CHICAGO, IL L IN O IS  6 o 6 l I

T e le p h o n e : (312) 280-5000 (312) 280- 5018

July 2, 1980

Mr. Cari L. D a l m a t a  
D e p t  o f  H - E - E .  R .
Montana State University 
Bozeman, Montana 59717

Dear Mr. Dalmata:

H:
Managing Editor
HES/kk
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McGraw-Hill Book Company

1221 Avenue of the Americas 
New York, New York 10020 
Telephone 212/997-2613 ■

Copyrights and Permissions Deoartmenl

July 18, 1980 '
Mr. Carl L Dalmata 
Dept of HPER 
Montana State Universtiy 
Bozeman, MT 59717
Dear Mr. Dalmata:

In response to your letter requesting permission to use McGraw-Hill material, 
permission is hereby granted for the use of Table 13-1 from TEXTBOOK OF WORK 
PHYSIOLOGY by Astrand and Rodahl.
Although we ,have no objection to your use of Figure 7-2 from Astrand and Rodahl, 
because Weibel (1963) is mentioned in the credit line, you might wish to receive 
further' clearance from this source. ' "
We were unable to locate the material you requested from PRINCIPLES OF INTERNAL 
MEDICINE. However, because there are many editions of this work, and we do 
not have access to all of them to check the requested material, we will grant 
you permission for the use of the requested material for use in your Master's 
Thesis provided the material is original in our book and appears without credit 
to any other source.
The above permission is granted with the understanding that your use of the 
material is limited to your Master's Thesis and that a credit line will appear 
after the legend. The acknowledgment should read:

"From (title of book) by (author). Copyright (c) (date and 
owner). Used with the permission of McGraw-Hill Book Company". 

Sincerely,
—-Z / ' ' ' 7 /-D 7'--,Z—-

O  'Meryl Alster 
Permissions Assistant

.n
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