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Chapter 1 
HUMAN SENSES 

GOALS 
When you have mastered the contents of this chapter, you will be able to achieve the 
following goals:  
 
Definitions 
Define the following terms, which can be used to describe a relationship between you 
and your environment: system, energy, state, force, variable, field, interaction, intensity 
and transducer  
 
Stimuli  
List the major external stimuli that are detectable by humans.  
 
Human Responses  
Describe an elementary threshold measurement experiment, and interpret the data 
obtained.  
 
Models 
Use a mental construct, or model, to explain a common human experience.  
 
 
PREREQUISITES 
You may find it necessary to review your knowledge of the powers of ten notation 
before you study this chapter. To assess your use of powers of ten notation, you may 
want to use the following powers of ten self-check.  
 
Powers of Ten Self-Check 
Solve each of the following problems, and give the answer in powers of ten notation.  
1. 0.252 x 0.000000700/0.0360 = ____________.  
2. 6.380 x 103x 5.00 x 104/2.50 x 105= ____________. 3. 3.20 x 107 + 6.83 x 106 - 9.90 x 105 = . 
_____________.  
 
Powers of Ten Self-Check Answers 
If you had difficulty in correctly solving these problems, please study the Appendix, 
Section A.2 on the powers of ten notation.  
1. 4.90 x 106 2. 1.28 x 1013  
3. 3.78 x 107  
If you gave your answers with more accuracy than given here, please study the 
Appendix, Section A.3 on the use of significant figures.  
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Chapter 1 
HUMAN SENSES 

 
1.1 Introduction 
You are the beginning and the end of science. In scientific experiments and medical 
diagnoses the final analysis of experience is done by a human being. Your senses, your 
central nervous system, and your brain are the essential tools of science.  
 How precise are your detecting skills? Hold your breath, and listen. What can you 
hear? Now put your ear on your study table. What can you hear? More? Less? Same? 
Different? Sense? Nonsense? Music? Noise? Voices?  
 How precise is your sense of location, your ability to know where you are? Close 
your eyes, and walk to the nearest light switch. How easily were you able to find it? 
With your eyes closed, stand erect, and lean slightly forward and then slightly 
backward. How easily can you tell when you are standing up vertically?  
 How precise are your detection systems? Have you ever called a dog with a whistle 
that you could not hear? Are your eyes equally good at seeing all colors? How well 
trained is your sense of touch? Is your sense of smell better than your sense of taste? 
How do you explain the operation of your various detectors, or senses?  
 
1.2 The Human System 
You can think of yourself as a human system interacting with your environment. A 
system is defined as a whole entity. The heating system of your home consists of the 
furnace, the duct work, the thermostat control, and the chimney. The effectiveness of 
the heating system is determined by the organization of the system and its operation as 
a whole entity. The public schools of your community form another system. The 
effectiveness of this educational system depends on its internal organization and on its 
interaction with other systems in the world.  
 An interaction is defined as an action or influence exerted between systems. The 
heating system of your home interacts with the air temperature in the house, the fuel 
supply system, and the actions of the people in the house. The public school system 
interacts with the community through its program, the tax system, the election system, 
and the teacher supply system.  
 You as a physical, living being are a system. You are endowed with a set of sensors 
for interacting with your environment. These sensors detect the stimuli of light, sound, 
taste, smell, temperature and tactile contact.  
 A variable is a quantity that is subject to change. The opening and closing of 
windows in a house represents a variable that affects the heating system of the house. 
The tax base of the community is a variable that affects the public school system.  
 We are particularly interested in the interactions involving human sense stimuli. 
These stimuli involve such physical variables as temperature, pressure, light intensity, 
sound intensity, color, and sound frequency.  
 A physical system exists in a particular form, or condition, that is defined as the 
physical state of the system. For example, ice is the solid state of water. The physical 
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variables that determine the state of water are temperature and pressure. The state of a 
home heating system is determined by the condition of its various parts and by the 
quality of its maintenance as well as by the temperature of the house. "Sitting in a chair" 
may be a way of describing your state now.  
 The physical state of a system can be altered by changing one or more of the 
physical variables that determine the state of a system. For example, a change in 
temperature can alter the state of water, and a change in the tax base can alter the state 
of the educational system of a community.  
 
Questions 
1. What are some of the states you might ascribe to the human system?  
2. What are the variables that determine your current state? Are all of these physical 

variables?  
 
1.3 The Human Detector 
Consider two thermometers that have the 
same length of scale but different calibrations 
covering different temperature ranges (see 
Figure 1.1). In the temperature range 95º to 
105º a temperature change of 1º produces a 
greater change in the length of the liquid 
column in thermometer B than in thermometer 
A. The sensitivity of a detector indicates its 
ability to respond to changes in a variable 
stimulus. The ratio of response to stimulus is 
larger for a more sensitive detector than for a 
less sensitive detector.  
 Suppose that you have a rubber band, and 
you find that it will support eight paper clips 
before you are able to detect an increase in its 
length. This load is then called the threshold 
for stretching the rubber band. The threshold is 
defined as the minimum value of the stimulus 
or physical variable that produces a detectable 
response by a sensor or detector.  
 You may be able to distinguish between 
two lights on the basis of their color or, if they 
are the same color, on the basis of their 
brightness. Your ability to distinguish between 
two different stimuli is called discrimination  

 Any detector or sensor can be described in terms of threshold, sensitivity, and 
discrimination. These characterizations also apply to human detectors.  
 The process of transforming a change in one physical variable to a change in another 
is called transduction. For example, the mercury thermometer transforms a change in 
temperature to a change in the height of a column of mercury in a narrow capillary 
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tube. A sensor or detector that performs in this manner is called a transducer. Solar 
batteries used on orbiting satellites transform radiant energy from the sun into the 
electrical energy used to run instruments and transmitters on the satellite. Your sense 
transducers respond to the external stimuli and produce an electrical signal that is 
transmitted to the brain, the main control center and data handling system of the 
human body. The interaction between you and your physical environment involves 
either direct contact with another system or interaction-at-a-distance, when there is no 
actual contact between you and the stimulus source. In either of these interactions there 
is an energy transfer between you and your environment. Energy can be defined as a 
property of a system that causes changes in its own state or the state of its 
surroundings. The heat energy supplied to the popcorn by the popcorn popper changes 
the state of popcorn. The mechanical energy you supply to the lawn mower changes the 
state of the lawn. Two forms of energy that you are continually exchanging with your 
environment are heat energy and chemical energy. The food you eat contains chemical 
energy that is used to maintain your body processes. This chemical energy is 
transformed partially to heat, which enables you to maintain your body temperature, 
and partially to energy of motion associated with body movements. Energy of motion is 
called kinetic energy.  
 
Questions 
3. What are other forms of energy involved in your interaction with your environment?  
4. Which of these forms of energy are transferred by direct contact, and which involve 

interaction-at-a-distance?  
1.4 Direct-Contact Interactions 
The sense of touch involves direct contact between 
you and your environment. The energy transferred by 
touch is mechanical energy produced by the force of 
contact. Force is a measure of the strength of an 
interaction. You exert a force on an object when you 
push or pull it. The push you use to slide away from 
the dinner table is a force. The pull you exert on a 
window shade is another force. Whenever work is 
done there is either a change in location, displacement, 
or a change in the state of motion of a system, or both. 
The energy transferred in a displacement interaction is 
defined as work. The work done in lifting an object is 
determined by the product of its weight (force) times 
the height (displacement) through which the object is 
lifted. Hence, the energy transferred to one of your 
touch receptors is determined by the force of the touch 
contact and by the displacement of the receptor (see 
Figure 1.2). A heavy book displaces the skin of your 
hand more than a light book does.  
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 From your own experience you may be able to rank the sensitivity of touch detectors 
distributed over your body. The most sensitive touch receptors are those that are able to 
detect the smallest contact force or the smallest mechanical energy input. Your threshold 
of touch can be expressed in terms of the minimum force or the minimum energy 
required for you to have the sensation of touch contact. For example, you would detect 
a fly much more easily on your forehead than on your neck. From similar experiences, 
you may be able to rank different points on your body in order of their thresholds for 
touch.  
 With touch you may distinguish between two touch contacts due to different contact 
forces. The ability to discriminate between two distinct contacts varies at different parts 
of the body according to the density of touch receptors in the area of contact. The tip of 
your tongue is capable of discriminating between two contacts a few microns (micron = 
10-6 m) apart. On your back a space of several centimeters between contacts is required 
before you can discriminate between two contacts. You can perform a simple 
discrimination experiment by using a caliper as your variable spaced stimuli source as 
shown in Figure 1.3.  

 
 Distances can be estimated by using sensory data from touch and from muscles 
controlling the parts of the body used, from fingers or arms, for example. This is a crude 
method, but with practice it can become fairly dependable. Machinists and carpenters 
frequently have perfected these measuring skills.  
 Other direct contact interactions are involved in the senses of taste and temperature. 
Your taste and thermal detectors discriminate between different kinds of input stimuli as 
well as between different levels, or intensities, of input stimuli.  
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 There are four basic taste sensations: sweet, sour, bitter, and salty. Experiments 
suggest that any complex taste can be duplicated by various combinations of these four 
basic tastes. The exact basis for the generation of the taste sense message is not yet 
known, but there is evidence that it is based on combined electrical and chemical 
processes. The tongue is the main taste detector, and with practice you can calibrate 
your tongue to some extent. Professional wine tasters, through diligent practice, 
develop their ability to distinguish between various kinds of wine. A more simple 
technique can be used for improving your tasting skills. Try tasting solutions with 
different, known concentrations of dissolved material. (See question 6 below). Changes 
in body chemistry and temperature are known to affect this calibration.  
 Warmth and cold are sensed by two different types of receptors. The distribution of 
these temperature sensitive receptors varies widely over the body. For example, the 
forearm has approximately 10 times as many cold receptors as warm receptors per 
square millimeter.  
 
Questions  
5. Which parts of your body are least sensitive to touch?  
6. Try an experiment with four different concentrations of salt water, and see if you can 

rank them according to their salt content by taste. How would you calibrate your 
salt taste detection system?  

7. Thermal detection usually involves contact interaction. There are temperature 
transducers in the skin, some being quite sensitive to hot and cold. What two areas 
of the skin have the most sensitive skin thermal detectors?  

 
SIMPLE EXPERIMENT 
Check out your temperature sensing ability using your fingers. Place your finger in ice 
water and then in room temperature water. Measure the room temperature (ice water 
temperature is 0oC). Now place your "calibrated" finger in unknown temperature 
samples (water from a refrigerator and warm water from a faucet), and estimate the 
temperature of the unknown samples. Compare your estimates with actual 
temperatures of the unknowns.  
a. Perform a simple threshold experiment on the temperature sensing ability of your 

right index finger. Make a hot and cold water mixture that feels to be just the same 
as the temperature of your finger. Measure and record the actual temperature of the 
water. Now add small amounts of hot water until you can just tell that the water is 
hot. Record the temperature. The difference between these two temperatures is the 
temperature threshold for hot water for your right index finger.  

b. Determine the temperature sensitivity of your right index finger by making a water 
mixture that feels warm. Then add hot water to the mixture until it feels twice as 
warm, then three times as warm, etc. Record the temperature each time. Does your 
index finger seem to give you consistent responses? What is the relationship 
between the temperature your index finger feels and the water temperature 
according to the thermometer readings?  

c. Test your ability to discriminate between nearly equal temperatures by making a 
number of water baths of different, but almost the same, temperatures. Can you, by 
using your index finger, arrange them in order from coldest to hottest? To become 
more aware of some aspects of your set of sensors, estimate the volume and weight 
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of an object, such as this book. What sensors do you use for this task? Compare your 
estimated values with measured values using a ruler and a weight measuring 
device.  

 
1.5 Interaction-at-a-Distance 
If a system called "supper on the stove" is burned in the kitchen, then your odor sensing 
system in the living room will be influenced. If a construction crew is tearing up the 
street outside your window, then your hearing system will be influenced, even though 
the street may be some distance from you. The sun shines its light upon you and 
influences your total body system, even though the sun is a great distance away from 
you. These are all specific examples of systems that interact-at-a-distance. Interaction-at-
a-distance is used to describe any action influencing one system not in direct contact 
with a second system.  
 Since we seem to feel most at home with direct contact interactions we can treat 
interaction-at-a-distance as a special type of direct-contact interaction. We can pretend 
that all of the distance between two interacting systems is in a field that connects the two 
systems. Then anything that is done to the first system is said to change its field. The 
second system is influenced by the changes in the first system through the changes in its 
field. A field can be defined whenever it is possible to assign a value of a physical 
variable to every point in space.  
 One of the most common interactions-at-a-distance is that of a magnetic compass 
with the earth's magnetism. The compass needle aligns itself with the magnetic field at 
the location of the compass. This alignment is produced by the magnetic interaction 
between the earth and the compass needle.  
 Sight involves a noncontact interaction between your human system and your 
environment. Sight involves the detection of light transmitted to you from a light source 
some distance from your eyes.  
 The weight of an object is determined by the gravitational interaction between the 
object and the earth. The gravitational field is defined as the gravitational force per unit 
mass at a point. Thus you can determine the gravitational field for all points. If you 
know the field, you can calculate the weight of any mass at any point (mass x 
gravitational field = weight) due to the gravitational interaction between the earth and 
the object at the given point.  
 The electric field is defined as the electric force per unit charge at each point in space. 
Energy is transferred by the transmission, or propagation, of fields. This transmission is 
called radiation, and if electric and magnetic fields are involved, as in the case of light, it 
is called electromagnetic radiation.  
 Electromagnetic radiation is characterized by the wavelength and the intensity of the 
electromagnetic waves. Wavelength is defined as the length of one electromagnetic wave 
in meters. Intensity is defined as the energy crossing a unit area per second. The 
wavelength of electromagnetic radiation is related to the color of the visible light which 
you detect. Blue light has a shorter wavelength than red light. A chart of the entire 
electromagnetic spectrum is shown in Figure 1.4.  
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The intensity of solar electromagnetic radiation at the surface of the earth as a function 
of wavelength is shown in Figure 1.5. 

 
The sensitivity of a typical human eye to 
electromagnetic radiation is shown in Figure 1.6. The 
range of wavelengths that you detect with your 
primary light detectors, your eyes, is limited to a 
small part of the electromagnetic spectrum. In 
particular you normally see only wavelengths 
between 3.9 x 10-7m (blue) and 7.0 x 10-7 m (red) in 
length. Your eyes are not uniformly sensitive to all 
wavelengths or colors within this "visible" spectrum. 
They are most sensitive to yellow-green light 
approximately 5.5 x 10-7 m in wavelength. Your eyes 
are extremely sensitive to light within the visible 
region. You can see in very low levels of light 
intensity, or brightness. You are also able to 
discriminate between the different wavelengths, or 
colors, within the range of sensitivity of your eyes.   
 In addition to color and intensity discrimination, your visual system can be used for 
distance and depth discrimination. The estimation of distance and depth is 
accomplished by the use of cues. Apparent size is one external cue in distance 
estimation for objects of known size. Binocular (two-eyed) vision provides an internal 
cue for these estimations. In binocular vision the images of the two eyes are slightly 
different, and you learn through experience to interpret these data in terms of distances. 
 There are other electromagnetic wave receptors in the human body besides the eyes. 
The sun and the earth's atmosphere provide us with the spectrum of electromagnetic 
energy at the surface of the earth as shown in Figure 1.5. This energy comes to us in a 
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band that includes not only the visible spectrum but the infrared (longer wavelengths) 
and ultraviolet (shorter wavelengths) as well. The human body responds to the 
wavelengths outside the visible spectrum primarily through skin receptors. These 
receptors transform the ultraviolet energy into chemical changes associated with skin 
pigment changes, such as suntan and sunburn. The temperature sensors in the skin are 
excited by the infrared radiation. Other portions of the electromagnetic spectrum are 
also common in our environment, for example radio waves and microwaves. At this 
time, the effects of radio and microwaves on humans are not well known.  
 Sound is energy transmitted by pressure or density variations propagated through 
matter. Pressure is defined as the force per unit area. Sound is generated by mechanical 
vibrations set up in matter. The speaker of a hi-fi system vibrates at the frequency of the 
original music (if it is truly high fidelity). This vibrating speaker sets up vibrations of air 
molecules which is the sound propagated to your ears. Sound is characterized by its 
frequency and intensity.  
 You may be able to detect sound with your touch detectors since they are pressure 
change detectors, but your ear is a much more sensitive sound detection system. This 
detector system operates over a limited frequency range (that is, the number of pressure 
cycles per second). Your ear responds to frequencies from about 30 Hz to about 20,000 
Hz in incoming sound waves. In your ears most sensitive frequency range (they are not 
equally sensitive to all frequencies), you can detect displacements of air molecules in the 
sound wave as small as 4 x 10-12 m, which is the order of 1/100 of the size of an atom. (A 
threshold of hearing curve is illustrated in Figure 1.7.)  
 You may be able to detect sound with your touch detectors since they are pressure 
change detectors, but your ear is a much more sensitive sound detection system. This 
detector system operates over a limited frequency range (that is, the number of pressure 
cycles per second). Your ear responds to frequencies from about 30 Hz to about 20,000 
Hz in incoming sound waves. 
In your ears most sensitive frequency range 
(they are not equally sensitive to all 
frequencies), you can detect displacements 
of air molecules in the sound wave as small 
as 4 x 10-12 m, which is the order of 1/100 of 
the size of an atom. (A threshold of hearing 
curve is illustrated in Figure 1.7.)   
 Your sense of smell represents an interaction-at-a-distance from the source of the 
odor, but it also involves direct contact with molecules that carry the odor to your nose. 
The sense of smell is more sensitive than the sense of taste, and your ability to identify 
odors can be greatly improved with practice. Olfactory sensitivity is estimated to be 
10,000 times the sensitivity of taste, but the threshold of odor perception is extremely 
difficult to measure.  
 
Questions  
8. List the interactions-at-a-distance you have experienced today.  
9. Classify these experiences as electromagnetic, gravitational, sound, or odor.  
10. Which interactions-at-a-distance are most common?  



Physics Including Human Applications 

 

Chapter 1- Human Senses 

16 

SIMPLE EXPERIMENT 
 Compare your tactile distance sensing with your visual distance sensing: a. While 
blindfolded, estimate the lengths of different small blocks using the fingers of one hand. 
Record your estimates for each unknown. b. Repeat the procedure with larger blocks 
using two hands. c. Remove the blindfold, and use your vision to estimate the lengths 
of the unknown solids. d. Measure the actual lengths of the unknown and determine 
the differences in measurement for your two distance sensing sytems.  
 
1.6 Other Detectors and Interactions 
This covers your normal senses, but are there other physical variables that you can 
detect? There are some interesting possibilities to consider. What about gravitational 
changes? You have a balance system that enables you to detect your orientation with 
respect to gravitational vertical. What about magnitude changes in gravitational field? 
One of the results of space lab research may be additional insight concerning 
gravitational sensitive systems of humans. What about electrostatic and magnetic 
fields? Some researchers argue that it is an ability of the human to detect electrostatic 
and magnetic fields that allows them to synchronize body time with the physical 
environment and to display behavior that suggests “biological clocks”1 In any case, 
biomagnetism has become an active area of research, and there is potential for exciting 
new discoveries in this area of the human interaction with the physical environment.2  
In addition there is experimental evidence that supports each of the following effects 
produced by electromagnetic forces:3  

1. stimulation of bone growth  
2. stimulation of tissue regeneration  
3. influence of basic level of nerve activity and function  

This evidence suggests that the human system responds to electric and magnetic fields, 
even though we are not conscious of these phenomena.  
 
1.7 Threshold for the Sense of Touch 
We have discussed the different human detectors for physical variables. Let us discuss 
the design of an experiment to measure the threshold for the sense of touch. In 
designing an experiment there are some useful steps to follow:  
 
1. Define clearly the variable to be manipulated (independent, or manipulated, variable) 

and the variable which will change in response to the manipulations (dependent, or 
responding, variable).  

2. Design the experiment to maximize your control of all other variables, and thus make 
your results as reproducible as possible.  

3. If the response of the system under study is totally unknown, allow for measurement 
of as many variables of the state of the system as possible.  

 We now apply these steps to our problem of touch threshold measurement. The 
variable we will change will be the mechanical force of contact. A stack of books on a 
table exerts a contact force equal to the weight of the books on the table. The contact 
force can be varied by removing books from the stack. This will also vary the 
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mechanical energy involved in the interaction. To make the experiment as clear as 
possible, we want to control such other variables as temperature, area of contact, and 
location of contact. The response we expect in this experiment is the subject's 
acknowledgement of the touch contact. It might also be useful to monitor the 
physiological response of the subject. Such measurements might include electric brain 
wave pattern (electroencephalogram, EEG), heart rate, and electric heart activity 
patterns (electrocardiogram, EKG or ECG), eye pupil size, and measurement of 
electrical resistance of the skin due to sweat gland activity (galvanic skin response, 
GSR), and the measurement of the electrical pattern produced by muscle action 
(electromyogram, EMG). The experiment can be carried out by using various size nylon 
fibers, and noting the smallest diameter producing the detection of touch. A simple way 
to control the contact force is to use different diameter fibers as the contact agent. Each 
fiber can be calibrated by pressing it against one pan of a laboratory scale balance and 
measuring the force required for noticeable bending. The pressure exerted by all the 
fibers will be the same since the force required to bend a fiber is proportional to the 
cross sectional area of the fiber, i.e., pressure = bending force/unit area. Since the 
bending force is proportional to the area, the pressure is a constant. Hence, only the 
force of the stimulus will change.  
 
Questions  
11. What variables, other than temperature, area of contact, and location of contact, 

might be important to control in this experiment?  
12. What are the potential sources of error in this experiment?  
13. Design an experiment for measuring the discrimination distance between distinct 

contact points.  
 
1.8 Model Building 
A primary part of science is the construction of definitions, concepts, theories, and 
models to help give us a feeling of understanding in some areas of our experiences. 
Because of the importance of model building in science, and in physics in particular, we 
will spend considerable time in this course building models, that is, mental constructs, 
to help explain the common characteristics of a variety of experiences. For example, 
who would have thought that an apple falling on Newton's head was in any way 
related to the motion of the moon in an orbit around the earth? Yet, after Newton 
constructed a model of gravity, these two experiences were both understood as 
examples of the gravitational interaction of matter. The basic ingredients used in model 
building are simple intuitive ideas. Intuitive ideas which allow us to visualize a variety 
of experiences in a simple way can be put together by our brain to build a model. Model 
building in physics makes use of a wide variety of intuitive ideas, many of which may 
not, in fact, actually apply to the experiences we are seeking to explain. For example, 
consider a molecular model of matter which assumes that all of matter is made of very 
small, perfectly elastic, constantly moving spheres called molecules. If we assume that 
these molecules interact with each other in some way, then we can use this model to 
explain the existence of the three states of matter, of, for example, H2O that we 
experience as ice, water, and steam. It turns out that the elastic sphere model for a 
molecule is hopelessly inadequate to explain how molecules are constructed, how they 
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interact with each other, or how they seem to be always in motion. We often tend to 
build models, like this one, that focus on the major aspects of our experiences. The finer 
details of experience often wait many years for an explanation in terms of a more 
refined model. Model building is the primary means of explaining experiences in 
physics, but remember that the true test of nature is not our model, but our experiences. 
Model building has some positive features that we seek to exploit in physics. A model 
allows us to unify a variety of experiences and to impose order on some of our 
experiences. It enables us to make predictions so that we can extend our imposed order 
in time, to predict what results future experiments will give, and in experience, to 
decide what new experiments should be performed. Maybe best of all, model building 
allows us to feel at home in our universe because our models provide us with a feeling 
of understanding. The use of models has some dangers. Some people may substitute the 
model for experience. They may choose to rely upon their mental construct rather than 
upon an experiment. The experimental data may not be used to test their model. The 
corrections necessary in a model may never be made. The history of science includes the 
names of many persons whose experimental data exceeded the models popular in their 
time. Galileo, Tycho Brahe, and Ernest Rutherford each gathered data that proved to be 
the downfall of some previously held model. Today many common examples of the use 
of models to replace experience are found in areas other than physics. The Marxist 
belief in the "labor theory of value" for the structure of a modern society is one example. 
During the gasoline crisis of 1974 there were numerous calls for a return to the "free 
market value" of oil. To anyone the least bit familiar with the history of oil production 
by large corporations such a model as "free market value" seems ludicrous when 
applied to oil. Perhaps, this substitution of model for experience is best illustrated by 
Lucy, the character in the Peanuts comic strip, when she reported, "I love mankind, it's 
people I can't stand." Another danger to be recognized in our use of models is our 
ability to hide some basic presuppositions about our experiences in our model. If they 
are not carefully examined, our presuppositions might limit our ability to formulate 
useful models. For example, science is based upon the presupposition that human 
experiences of nature will be such that we can find order in them. Two results of this 
presupposition of science may interest you: Cultures that presuppose nature to be 
capricious have not developed any "science" in the commonly understood sense of that 
word. Secondly, to argue from the order of science to the existence of an Ultimate Order 
Producer in the universe is a meaningless, circular argument. Science starts with a 
presupposition for finding order, and scientists proceed to impose order on all manner 
of human experiences. Scientists are always seeking to expand the collection of ordered 
experiences by claiming previously unexplained events. Model building seems to be a 
universal human activity. All of us build a variety of mental images of our world. We 
use these images to understand ourselves, our roles in society, as well as to explain 
natural events. The models we use in physics almost always have a quantitative feature. 
We nearly always use a physical model to help formulate a quantitative relationship 
using the language of mathematics. The use of models in physics to derive formulas, to 
perform numerical calculations, and to reduce the results of an experiment to numbers 
is in strong contrast to the more descriptive models used in medicine and biology. It is 
the quantitative aspects of physical models that is now being copied by social sciences 
in their thirst for numerical data and statistical analyses. In subsequent chapters we will 
be introducing you to model building in physics by having you build some models of 
your own and by having you apply the models built by other people. But please 
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remember that all of our models are tentative. Each model is only able to help explain a 
small portion of our total experiences. We must always be open to additional 
experiences that will require us to modify our models.  
 
Question 
14. Consider the following experiences. What are some aspects of the models that were 

used to explain their experiences. What actions were taken? a. The United States 
government interacting with the American Indians during most of the nineteenth 
(and twentieth) century. b. The Nazi leaders interacting with the German-Jewish 
people. c. The American government interacting with the American-born Japanese 
during World War II.  

15. What aspects of human experience do you presently consider to be outside of the 
ordering of science? Can you remember any experiences that have recently become 
ordered?  

 
SUMMARY 
1. Use these questions to evaluate how well you have achieved the goals of this chapter. 

The answers to these questions are given at the end of this summary with the section 
number where you can find the related content material.  

 
Definitions  
 Use one of the following terms in each of the blanks below:  

system  energy  
state  force  
variable  field  
interaction  intensity  
transducer   
a. The retina of the eye, which converts light into nerve impulses, is an example of a 

____________ .  
b. A pendulum clock can be adjusted by changing the length of its pendulum, so we 

call the length of the pendulum a ____________ of the clock as an isolated 
___________ .  

c. The weight of an object applies a ___________ to your hand as you lift it. The 
greater the distance you lift the object, the larger is the amount of ____________ 
you use.  

d. The influence of the earth on the moon and of the moon on the earth is an 
example of a gravitational ___________ which we attempt to understand by 
assigning a value for the gravitational ___________ at every location in space.  
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Stimuli and Human Responses 
2. Place a check mark by each of the following external stimuli that you can easily 

detect. Relate the concepts of threshold, sensitivity, and discrimination to each 
stimulus you check:  

 
high temperature  microwaves  
noise  x-rays  
visible light  odor  
touch  salty taste  
gravitational field  bitter taste  
electrical field  sour taste  
magnetic field  sweet taste  
ultraviolet light  low temperature  
infrared light   

 
Threshold Experiments 
3. Describe how you could measure the threshold of salty taste and of bitter taste. How 

would you compare these two thresholds? Models  
4. Suppose you have an uneducated kitchen helper drying your dinner dishes. He 

notices that the dry piece of corn husks jump off of the counter top onto the recently 
dried plastic drinking glasses when the glasses are placed near the corn husks. 
Develop a model to explain this phenomenon to him.  

 
Answers  
 
Definitions  
transducer (Section 1.3); b. variable (Section 1.2); system (Section 1.2); c. force (Section 
1.4); energy (Section 1.3); d. interaction (Section 1.2); field (Section 1.5)  

 
Stimuli and Human Responses  
Qualitative answers, see Sections 1.3, 1.4, 1.5, 1.6 and 1.7.  
 
Threshold Experiments 
See Section 1.7 for an example.  
Models 
See Section 1.8 on model building.  
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ALGORITHMIC PROBLEMS  
Equations  
Consult Figures 1.4 through 1.7 for data.  
 
Problems  
1. What do you expect to happen to the displacement when the contact force is 

reduced? See Figure 1.2  
2. What experimental conditions are necessary for discrimination studies using the 

calipers shown in Figure 1.3?  
3.  a. The radiation of the higher frequency next to the visible spectrum will produce 

sunburn. What is this radiation called?  
 b. The radiation of the lower frequency next to the visible spectrum is used in 

thermal therapy. What is this radiation called?  
4. Is there a threshold for solar radiation reaching the surface of the earth? If so, estimate 

the threshold wavelength.  
5. What color of visible light is most easily seen?  
6. What frequency of sound would you expect to hear most easily?  
 
Answers 
1. Displacement decreases to zero at threshold force  
2. Blindfold the subjects; vary one touch and two touches; ask subject to identify 

number of touches  
3. a. ultraviolet  b. infrared  
4. yes, 0.2 microns  
5. yellow-green  
6. 2000 Hz  
 
 
EXERCISES 
These exercises are designed to help you apply the ideas of a section to physical 
situations. When appropriate, the numerical answer is given at the end of the exercise.  
 
Section 1.2 
1.  a. What are the systems interacting in an automobile stalled along a highway?  

b. What is the state of this automobile? What physical parameters might be used to 
define the state of the automobile? How could the state of the automobile be 
changed?  

 
[a. The fuel injection system, internal combustion chambers, and exhaust system are 
examples of systems that must interact properly for the car to run; b. The car is at 
rest: Its state can be described by its location, color, temperature, etc. Its state can be 
changed by moving it, painting it, heating it, etc.]  
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2. For each of the systems listed below give an appropriate interaction and indicate the 

variable(s) involved in the interaction.  
a. thermometer-environment  b. phonograph-record  
c. piano- pianist  d. teacher- class  
e. minister- congregation  f. thunderstorm- radio  
g. living plant-sun  h. ocean-moon  

 
 [a. thermal, contact; b.mechanical, contact; c. touch, contact; d. verbal, at-a-distance, 
e. caring, both contact and at-a-distance; f. electrical, at-a-distance; g. light, at-a-
distance, h. gravity, at-a-distance.]  

 
Section 1.3 
3. For each transducer listed below, describe the variable it detects and its output signal. 

a. mercury thermometer  b. mercury manometer  
c. litmus paper  d. exposure meter  
e. phonograph cartridge  f. microphone  
g. plumb bob  h. photographic film  

 
 [a. temperature, change in length of column; b. pressure, change in length of 
column; c. acidity of a solution, color of paper; d. light intensity, pointer movement; 
e. mechanical vibrations, electrical signal; f. sound, electrical signal; g. gravity, 
direction of hang; h. light intensity and color, image formation on emulsion.]  
 

4. For each transducer in problem 3, tell whether the interaction is a contract interaction 
or an interaction-at-a-distance interaction.  

 
 [a. contact; b. contact; c. contact; d. at-a-distance; e. contact; f. at-a-distance; g. at-a- 
distance; h. at-a-distance.]  

 
Section 1.4 
5. What would be the necessary procedure for measuring the sensitivity of touch? 

Contrast this procedure with a threshold measurement experiment.  
 
[A sensitivity measurement will seek to discover the minimum difference between 
two touches that is required to make the touches detectably different. Once again a 
fiber experiment could be done. This time with fibers all of the same area, but made 
from different materials so as to apply a range of forces well above the threshold 
value on the skin. Then various combinations of two fibers could be tested. Do the 
two feel the same? Which one feels heavier? Which one lighter? The subject should 
be blindfolded for the experiment, and several touches, where both fibers are 
identical, should be made to test validity of the subject's responses. How does this 
procedure differ from the threshold measurements?]  
 

6. Draw a graph of the touch displacement versus the contact force.  
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Section 1.5  
7. Estimate what fraction of the whole electromagnetic spectrum between 108 Hz and 

1020 Hz lies in the visible region. What explanation can you offer for the selectivity of 
human vision? See Figures 1.4 and 1.5  

   
[Fraction visible = (7.5 x 1014 - 4 x 1014 )/(1020- 108) Hz = 3.5 x 1014/1020= 3.5 x 10-6 

 or 0.00035% of the total spectrum. The intensity of radiation from the sun that 
reaches the earth peaks in the region of human vision.]  

 
8. Compare the sound level required for human hearing at 100 Hz and 2000 Hz (Figure 

1.7)  
 
[Sounds at 100 Hz, about one octave below middle C, must be about 50 dB louder 
than sounds at 2000 Hz, about three octaves about middle C, to be heard.]  
 

Section 1.8  
9. Choose a familiar model from each of the following broad categories of human 

experience - natural science, social science, and religion. Answer the following 
questions for each model: a. What human experiences does the model explain for 
you? b. What various experiences does it unify? c. What the major aspects of 
experience upon which it focuses? Do you know some finer details that are not 
explained by this model? d. What does it allow you to predict without experiencing?  

 
[Natural science: the planetary model of our solar system. a. the seasons of the year, 
the apparent motion of the planets; b. the apparent motion of the sun, the apparent 
motion of the planets, the apparent motion of the stars; c. the experience of seeing 
the apparent irregular motion of the planets in the night sky while the sun, moon, 
and stars seem to move in simple orbits; finer details: bending of light as it passes 
the sun; d. predicts future locations of heavenly objects, e.g., sunrise and sunset; 
social science: the labor theory of value (Marxism). a. how the prices of various 
market items are determined, b. a wide range of economic experiences "Money 
begets money," "The rich get richer, and the poor get children"; c. the inequalities in 
a capitalistic economy; finer details: the "law" of supply and demand contradicts the 
labor theory of value; d. predicts the eventual slavery and rebellion of the capitalist 
workers; religion: the Exodus, or Easter. a. the experience of a new future, new 
freedom, new responsibilities, of new possibilities for life that can grow out of 
seemingly hopeless experiences of slavery, illness, or death; b. a variety of persons 
who have found a new victory after a defeat, a new freedom after slavery, a new life 
after death; c. the new possibilities are actualized for each person; finer details: how 
these new possibilities are actualized for each person; d. no matter how dark the 
hour, a new dawn is possible.]  
 

10. Consider some of the more obvious characteristics of day and night, the apparent 
motion of the sun and moon, and the seasonal changes in the amount of daylight. 
How are these experiences explained by Ptolemaic geocentric model of the solar 
system? Which experiences of your cause you to believe the Copernician, 
heliocentric model rather than the Ptolemaic model?  
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[According to the Ptolemaic model, the earth is at rest and the sun and moon in orbit 
around it. The stars and planets make various irregular and complex orbits around 
the earth. You probably cannot name any experience that makes the Copernician 
model "true" for you. The differences between the two models, in terms of human 
experiences, are rather small. After all these two models were developed to explain 
the same data, which they both do effectively.]  
 

11. It has been suggested that the behavior of a soft drink dispensing machine may be 
explained by a model that assumes a small being lives inside the machine. Examine 
the behavior of the soft drink machine in terms of this model. How can you prove or 
disprove the existence of this being without opening the machine? By opening the 
machine?  

 
[The being lives on electricity, water, and money. It converts, electricity, money and 
water into soft drinks and containers. If you are sufficiently clever in your model of 
"the being," it may not be possible to disprove its existence by any means, including 
opening the machine.]  
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