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PREFACE

The first edition of Household Physics was published in 1938 and
the second in 1946. This third edition has been written for the
same group of students — college students in home cconomics.
Some topics have been omitted, some added, and some re-
written; but in general it covers the same subject matter as the
previous editions.

Household Physics is a text in applied physics in which the appli-
cations have been chosen from the daily household life and from
the various commercial fields which home-economics students
enter. The rapid development of various kinds of equipment for
use in the home has made it imperative that the housewife under-
stand the principles underlying their operation. The aim has
been to present the fundamentals of physics in a manner which
will show their close relationship to the problems of the home,
and also to trcat the subject in such a way as to form a back-
ground for those students who intend to enter the commercial
field. Subject matter has been selected which has proved to be
valuable and interesting to the thousands of young women who
have taken the course at this institution.

The mathematics has becn kept as simple as possible. Prob-
lems have been included in order that the student may make
actual calculations to establish relationships between the theory
and the practical applications. The problems have been ar-
ranged in pairs; the answers are given for the odd-numbered
problems only, with the idea that the teacher may choosc the
problems with answers, those without answers, or both sets.
The study questions include those for which the answers may
be found in the text, and those for which the student will have
to depend upon her ability to apply what she has learned.

The lecture and recitation work should be accompanied by a
laboratory course in order that the student may have an oppor-

tunity to learn something of laboratory technique, and to study
v



vi PREFACE

at first hand the operation of houschold cquipment.  As given
at Kansas State College the course consists of three credit hours
in lecture-recitation and one credit hour in laboratory per week
for one semester.

'The author wishes to acknowledge the assistance of all of her
collcagues. Many commercial concerns have furnished photo-
araphs - - these have been acknowledged individually in the
text, ‘The line drawings for the previous editions were made
by Mr. Keith Underwood.  Additional ones for this cdition
were made by Mr. Leon Armantrout.

"The suggestions and criticisms of those who use the hook will
he appreciated by the author.

MADALYN AVERY

Manhattan, Kansas
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INTRODUCTION

Since the beginning of time man has come in contact with the
physical world in almost everything he has undertaken to do, and
he has been forced to observe physical phenomena and to obey
physical laws. For years the study of these phenomena and laws
was known as natural philosophy, but now we use the name physics.
At first little thought was given to answering the questions “why"
or “how much,” but since man is compelled to obey the laws of
nature it is only as he can answer these questions that he can
intelligently use or oppose the forces of nature.

In early times scientific learning did not advance as rapidly
as it might have because the scholars of that time were inclined
w0 theorize as to the probable cause of certain phenomena, and
their theories were not subjected to cxperimental tests. The ex-
perimental approach was first introduced by Galileo, a young
Italian scientist, about the beginning of the seventeenth century.
It was Galileo, supposedly, who first demonstrated that freely
falling objects all fall at the same rate. He dropped two metal
balls, one of which was much heavier than the other, from the
top of the Leaning Tower of Pisa, and the two balls rcached the
ground at the same time. For hundreds of years it had been sup-
posed that the velocity of a falling body depended upon the mass
of the body, but no one had performed an experiment to prove
that it did. Even after this demonstration many people did not
accept the results; Galileo later was forced to resign his position
at the University of Pisa, and during his whole lifetime he was
criticized for not accepting the theories which had been handed
down since the days of Aristotle. But after the experimental
method had been introduced by Galileo, physics developed
rapidly. It became a more exact science because the experimental
approach required quantitative measurements. In recent years
its growth has been remarkable.

A century or more ago most of those who pursued a college

education were preparing to enter some one of the professions —
xiii



xiv INTRODUCTION

medicine, law, or the ministry. Others who attended college did
so chiefly for the satisfaction that came from obtaining a broader
knowledge of philosophy, art, or languages, with little or no
thought of applying the knowledge in a productive manner.
‘Today, in addition to the satisfaction which always comes with
mastery of any subject, more and more value is being attached
to training which carries with it some practical applications
that help one to use intelligently the inventions of the modern
world, and that contributes to one’s ability to earn a living.

Edison in referring to the educated housewife once applied to
her the term ‘“household engineer.”” When one considers the
number and variety of appliances that have been invented and
placed at her control the term is a very apt one. In order that
she may use her equipment efficiently, as well as with ease and
without fear, the housewife should understand the physical laws
which govern the operation of these devices.

Household Physics is a text for a course in applied physics for
the “household engineer.” The classical divisions of the subject
have been retained. The fundamentals are the same as for any
course in physics, but they have been applied to the work of the
household or to that of institutions doing the work of the house-
hold. The course is intended to lay a broad enough and sound
enough foundation that any student of home economics may
approach with greater confidence some of the problems which
arise in home management, institutional management, dietetics,
textiles, or any of the other rapidly developing fields of home
economics.

As a science, physics has developed a vocabulary which the
student must master. The student must also learn to define terms
and state laws. These definitions and laws should be stated con-
ciscly and accurately. Many of the laws may be expressed as
simple mathematical formulas which are but “shorthand” state-
ments of the laws. Formulas aid in solving problems which give
concrete illustrations of the laws.
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INTRODUCTION TO MECHANICS

In order to study mechanics certain terms must be under-
siood as the physicist uses them. Matter, force, mass, weight,
speed, velocity, and acceleration are words which are a part of
our general vocabulary; but in physics, since it is an exact sci-
cnce, these words and many others must be used with greater
accuracy than is sometimes necessary in everyday life.

Also if we are to answer the question ‘“how much” we must
have systems of measurement with definitely established units.
The ancient Chinese, Hebrews, Egyptians, and Romans each
had systems of units but there was no correlation bctween the
units of the various nations. When trade began to take place
between people who were located at points some distance apart
money was used as a medium of exchange, and it became in-
creasingly important for certain units to mean the same quantity
to all people; then the need for international units was recog-
nized.

1. Systems of Units. The two chief systems of units in use
today are the English system which had its beginning in about the
thirteenth century and the metric system which was devised in
the latter part of the eighteenth century.

Among the earliest relaticnships established by the English
people were the following: 3 grains of barleycorn laid end to
end, or 8 grains laid side by side, equal 1 inch; 12 inches equal
1 foot; 3 feet equal 1 yard. We have the survival of the 3 barley-
corns in our present shoe sizes — a number 6 shoe is 1/3 inch
longer than a number 5 shoe. The division of the inch into
eighths had its origin in the 8 barleycorns. Tt is also said that
during the reign of King James I the length of his foot was the

official standard for length.
3



4 INTRODUCTION TO MECHANICS [Ch. 1

Government standards for these units were eventually made
and kept in the Parliament buildings. But when the Parliament
buildings were burned in 1834, all of the standards were de-
stroyed. In 1855 new standards were constructed and adopted.
The standard mass, made of platinum, is known as a pound, and
the imperial yard is defined as the distance between two marks
on a special bronze rod. These standards are kept in the office
of the Exchequer in London. The unit of time is the second; it is

1 INCH

1 CENTIMETER

1 5Q IN. 150 CM

1000 CU (M 946 CU CM 1000 G 500 G 454 6
1 1q 1KG ke 18
Fig. 1.1. Comparison of English and metric weights and measures.

defined as the 1/86,400 part of the mean solar day (24 hr per
day X 60 min per hr X 60 sec per min = 86,400 sec per day).
The English system is awkward to use when a change from one
size of unit to another is necessary, because there are no simple
relationships between the units. For example, 231 cubic inches
equal 1 gallon, and 16 1/2 feet equal 1 rod. The only rcason
for its widespread usage is that it is familiar to English-speaking
people.

The metric system was devised about 1791 in France. At that
time the weights and measures in use in that country were far
from uniform, and the lack of standardization caused more
trouble there than in England; so a commission was appointed
to devise a new system. The aim of this commission was to devise
simple units based on standards which could never be destroyed.
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The unit for length was chosen as one ten-millionth of the length
of the earth’s quadrant from the equator to the pole, and was
named a meter. It was found later that an error had been made
in measuring the earth’s quadrant, but it was decided to keep
the meter as it had been determined. The standard meter is
therefore defined as the distance between two marks on a plati-
num-iridium bar, which is kept at the International Bureau of
Standards at Sévres, France. The standard mass, made of plati-
num, is known as a kilogram. It has the same mass as 1000 cubic
centimeters of water at 4°C. A gram is equal to the mass of
1 cubic centimeter of water at 4°C. The second is the unit of time,
just as it is in the English system, because all time units in any
system arz subdivisions of the time required for the earth to
make one complete rotation on its axis.

The advantages of the metric system are (1) it is a decimal
system, (2) there are simple relations between the units for
length, area, volume, and mass, (3) it is used by most of the
important nations of the world.!

CONVERSION FACTORS FOR ENGLISH AND METRIC UNITS

11b=454¢g
221b =1 kg
1 in. = 2.54 cm
39.37 in. = 1 m (meter)
1.06 liquid qt = 1 1 (liter)
1000 cu cm = 1 1 (liter)

Other English and metric units and conversion factors are given in the Appendix.

2. Standardization of Weights and Measures. The Consti-
tution of the United States provides “that Congress shall have
the power to fix the standards of weights and measures.”” Since
the states were formerly colonies of England, they adopted the
English system of units, and although the system was uniform

1 By adding the following prefixes to the metric units (gram, meter, and liter)
units of various sizes are obtained.

micro- = one millionth 0.000001
milli- = one thousandth 0.001
centi- = one hundredth 0.01
deci- = one tenth 0.1
deca- = ten 10.
hecto- = one hundred 100.

kilo- = one thousand 1,000.

mega- = one million 1,000,000.
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the standards used by the various states differed considerably.
It was not until 1830 that the matter received any attention
from Congress. At that time standard weights and measures
were made and sent to the governor of each state and to the
various custom houses. In 1866 the metric system was made
legal in the United States.

In 1875, seventeen of the leading countries of the world signed
an agreement to establish the International Bureau of Weights
and Measures at Sévres, France. A committee was appointed to
provide copies of the international standards for each of the con-
tributing countries. The work was completed in 1889, and the
copies which were sent to the United States were adopted in
1893 as the official standards of the United States. They are now
kept in Washington, D. C., in the Burcau of Standards, which
was established in 1899 as a part of the Department of Com-
merce. The bureau keeps copies of all standard weights and
measures, tests the accuracy of any weights and measures which
may be sent to it for inspection, furnishes the states with stand-
ards, carries on research of a physical nature, and does much
good work in urging all states to adopt uniform reqnirements
in respect to all measurements.

Provision has been made by national law for furnishing cach
state with standards, but it is the function of each state to cn-
force the use of accurate weights and measures. Practically all
of the states have adopted the standards provided by the national
government and a few states have very comprehensive laws in
regard to inspection of weights and measures.

For hundreds of years housewives did not use any standard
measuring devices. Recipes contained such vague directions as
*‘a pinch of salt,”” “a dash of pepper,” ‘“sweeten to taste,” ‘“‘a
handful of flour,” or “enough flour for a thick batter.”” No won-
der if two cooks, using the same recipe, made cakes of entirely
different size and quality, even though the original ingredients
werc of the same grade.

Modern recipes read ‘“1/2 teaspoon salt,” “1/4 teaspoon pep-
per,” “2/3 cup sugar,” or “3/4 cup flour (measured after sift-
ing).” There is also a trend toward replacing the capacity method
with the weight method, especially in quantity cookery. The
up-to-date housewife considers a measuring cup, a set of meas-



Fig. 1.2. View in the vault at the National Bureau of Standards, showing
the standards of length and mass of the United States. (Courtesy National
Bureau of Standards, U.S. Department of Commerce)
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3 INTRODUCTION TO MECHANICS [Ch. 1

uring spoons, and a household scale the minimum essentials for
standards. Practically everything that comes into the kitchen has
been weighed or measured and the amount stamped on the
container; the houscwife should check these amounts, at least
occasionally. The number of liquid ounces, pints, or quarts is
stamped on the labels on vincgar bottles, flavoring bottles, and
cans of fruit juice. Milk is delivered in standard size bottles.

s

13
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Fig. 1.3. Houschold measuring devices. (Courtesy Wilma Hilt Crawford,
Kansas State College)

Canned fruits and vegetables are in standard size cans, and the
weights are given in pounds and ounces.! Not only is the food
which is brought into the home measured, but also the quan-
tities of water, gas, and clectricity, the temperature of the air,
and the temperature of the oven are measured. Recently people
have learned to measure the relative humidity and the intensity
of illumination in their homes. Each of these measurements will
be explained in this book.

3. Fundamental and Derived Units. Some quantities such
as length, mass, and time arc so fundamental that they cannot
be analyzed into more clementary concepts. Therefore length,

1 See Appendix for tables of dry and liquid measures, standard sizes of cans, and
weights per bushel of foods used in large quantitics in the home.
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mass, and time are known as the fundamental quantities, and all
units for these fundamental quantities are known as fundamental
units. Examples of fundamental units are:

Length — foot, inch, meter, centimcter
Mass — pound, ounce, gram, milligram
Time — second, minute, hour

Other quantities cannot be measured without using two or
more fundamental units, or using one fundamental unit more
than once. For example, the amount of work required to lift a
body a given distance depends upon the weight of the body and
upon the distance it is lifted. The density of a body can be cal-
culated if the mass and the volume of the body are known. The
speed of a car involves the distance traveled and the time re-
quired. If a unit for length is squared or cubed, units for arca
or for volume are obtained. Units which are obtained by com-
bining fundamental units are known as derived units Examples
of derived units are foot-pound, gram-centimeter, pounds per
cubic inch, miles per hour, square inch, and cubic centimeter.

4. Matter. All material things are composed of one or more
kinds of matter. Matter is anything which occupies space and offers re-
sistance to change in its condition of rest or motion. Water, sugar, iron,
and cloth are a few kinds of matter. All matter is made up of very
small particles — either atoms or molecules. If the material is an
element — such as sodium, chlorine, or iron — it is composed of
particles called atoms, all of which are of the same type cven
though they may differ in mass. There arc over ninety elements
which occur in nature. Others are produced artificially. If the
material is a compound, it is composed of particles called mole-
cules which in turn are composed of atoms. For example, ordinary
salt (sodium chloride) is a compound of sodium and chlorine. A
molecule of salt may be separated into atoms of sodium and
chlorine, but these atoms have entirely different properties from

those of the compound sodium chloride.
Matter may occur in three states: solid, liquid, and gas. A solid

has a definite volume and shape, and offers resistance to a change
in either. A liquid has a definite volume and offers resistance to
any change in its volume, but it takes the shape of the contain-
ing vessel except at the free surface of the liquid. A gas takes the
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volume and shape of the container, and offers but slight resist-
ance to a change in either its volume or its shape.

The molecules of which matter is composed do not fill all of
the space occupied by the body. The space between the mole-
cules is known as intermolecular space. The amount of intermolecu-
lar space differs for different materials. In all matter the mole-
cules are thought to be in constant motion. In solids the molecules
are held in fixed positions with respect to each other, and the
motion is limited to vibrations within the intermolecular spacec.
The molecules in a liquid are in general farther apart than in a
solid, and they are free to change their relative positions. Their
range is limited only by the walls of the vessel and the surface
of the liquid. The molecules in a gas are much farther apart
than in a liquid, and their range of motion is limited only by
the walls of the containing vesscl.

We describe matter in terms of its properties, but many of
these properties arc changeable. A given kind of matter may be
hard at lower temperatures and soft at higher temperatures. For
example, a glass rod is brittle at ordinary temperaturcs and
breaks when it is bent, but if it is heated, it becomes quitc
ductile. Also, even though the temperature of a given mass of
gas is held constant, if the pressure on the gas is increased the
volume of the gas is decreased. The question arises, *“Is there
any property of matter which is unchangeable?’” At first thought
it might be answered that the weight of a given amount of mat-
ter does not change, but if the weight is measured at different
altitudes, it is found that the weight also changes. (See Sec. 6.)

There is one property of matter, however, which does not
change when other properties change — this property is known
as inertia. To understand more fully the nature of inertia we must
realize that matter has no ability within itself to change its state
of rest or motion, and that it resists any outside force that tends
to change it. If a ball is resting on a table, it will continue to
rest there, unless disturbed by some outside force. If a ball is
put in motion, it will come to rest, not because of itself, but
because friction and gravity are acting on it. The resistance offered
by mater to any change in its condition of rest or motion is called inertia.
The inertia of a given body is proportional to the amount of
matter which the body contains.



§6] MASS AND WEIGHT bil

5. Force. Our first ideas about force come from the muscular
efforts we exert in order to move some body or to change its
motion. If we lift a rock, throw a ball, or stop a ball which
someone else has thrown, we are conscious of exerting a push
or a pull. 4 force is a push or a pull which tends to cause motion or to
change the motion of an object. A horse exerts a force on a wagon
in order to move it. A car is moved by the force exerted by the
engine. Sometimes a force does not cause motion. If you try to
lift a 200-pound object and can exert a force of only 40 pounds,
the object will not move — and while you have exerted a force
it only tended to cause motion. Sometimes a force causes a
change in the size or shape of a body as when a rubber band is
stretched or a spring is compiessed. A force which is always
acting on us is the force of gravity or the attraction of the earth
for bodies on or near its surface.

6. Mass and Weight. It is important to distinguish between
the mass and the weight of a body. The mass of a body refers to
the amount of matter in it and 1s the same wherever the body may
be. If a housewife is ordering groceries she is concerned with the
amount of food she will need for dinner. If she orders three
pounds of meat she considers whether that much meat will make
the required number of servings.

The weight of a body is a measure of the pull of the earth on the
body. This pull varies from place to place because the attraction
of the earth for a body changes when the distance between the
body and the center of the earth changes. If the distance is in-
creased the attraction of the earth for the object is decreased. For
example, if a body is carried up a mountain it weighs less than
at sea level. If it is moved to either the North or the South Pole
it weighs more than at the equator because the polar diameter
of the earth is less (about 27 miles less) than the equatorial diam-
eter — this increase in weight is about one-third of one per cent.
The standard weight of a body is its weight at sea level at 45° lati-
tude. Therefore one must remember that mass refers to the quantity of
matter in a body, while weight refers to a force acting on the body.

In practice the weight of a body, even though it does vary
slightly at different places on the surface of the earth, is used to
determine the mass of a body. Various kinds of balances are
used. An equal arm balance consists of a bar supported on a
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knifc edge at its mid-point and with a pan at either end. The
object which is to be weighed (or for which the mass is to be
found) is placed in one pan and standard masses arc added to
the other pan until a balance
is obtained. If this scale is
) . __balanced in one place, it will

= { , : ,
T st a5 be b-dlam-:cd in any other place.
(This weight neglects the buoy-

ant effect of the air which is
usually negligible.) An unequal
arm balance consists of a bar
supported near one end. The object to be weighed is placed on
the short arm and the position of a rider is adjusted on the long
arm until a balance is obtained. This long arm is graduated
and the rcading where the rider
rests gives the weight of the
object.

A spring balance consists of
a spring mounted in a suitable
framework. When the object is
placed on the balance the spring
streiches and moves a pointer
along a graduated scale. Theo-
retically this balance does not
give the same reading at all loca-
tions because the pull of the Fig. 1.5. An equal arm balance.
earth varics with altitude and (Courtesy Central Scientific Com-
latitude, but the wvariation is pany)
slight for points on the earth’s surface and in general is
negligible.

It has been found by experiment that the elongation of a
spring is directly proportional to the force applied, up to the

Fig. 1.4. An cqual arm balance.

Fig. 1.6. An unequal arm balance.
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elastic limit. The elastic limit of a material is the largest force which
may be applied without causing a permanent distortion. The action of
a spring balance is in accord with Hooke’s law which states that
“within the elastic limit, all elastic distortions (elongations, compressions,

bends, and twists) are proportional to the forces
which cause the distortions.” The stretch of a
hair, a threcad, or a metal rod, the com-
pression of a pillar which is supporting a
load, the bending of a beam which has a
load suspended between its supports, and
the twist of a drive shaft in a piece of
machinery are all distortions which take
place in accord with Hooke’s law.

Fig. 1.7. An uncqual arm balance.
(Courtesy Central Scientific Com-

pany)

7. Speed and Velocity. Speed and
velocity are terms often used in conversa-
tions about trips in cars. If a car travels
400 miles in 10 hours, the average speed
is 40 miles per hour. Speed is the rate at
which a body moves through space. Velocity
differs from speed only in that the direction
as well as the rate of the motion must be
known. A specdometer registers the rate
of motion but tells nothing of the direc-
tion. But if we say a car is traveling
40 miles an hour to the east then we

Fig. 1.8. Two types of
spring balance. (Cour-
tesy Central Scientific
Company)

are giving its velocity. Velocity is the rate of motion in a given
direction. If the velocity varies, the average velocity may be

found by
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. Distance
Average velocity = Time
D
Va = T

or, if there has been a steady increase or decrease in the velocity

Vaax + Vet
Va . max min
2
where Vs = maximum velocity
Vaw = minimum velocity

Since velocity is distance divided by time suitable units for
velocity are feet per second, miles per hour, or centimeters per
second.

8. Acceleration. If the velocity of a body is steadily increased
or decreased, there is a definite rate of change in the velocity.
Acceleration is the rate of change in the velocity.

Change in velocity
Time
A= Vmu : len

2

Acceleration =

The units for acceleration should be noted carefully. Since
acceleration is change in velocity divided by time, suitable units
are feet per second per second, or centimeters per second per
second. These units are often abbreviated to ft per sec? or cm
per sec?

If a body is allowed to fall freely, it is found that it falls faster
and faster, because it is being accelerated by the force of gravity.
The acceleration due to gravity is equal to 32 feet per second per second,
or 980 centimeters per second per second. (These are average values.
The actual values vary slightly at different locations.)

If a ball is dropped from a balloon, how fast will it be going
at the end of 10 seconds?

_ng_:_gm
4= T
_ Ve — 0
32—————10
Vs = 320 ft per sec
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What was its average velocity?
V —_ Vnux + len
* 2
_320+0
2
= 160 ft per sec

How far did it fall during the 10 seconds?

=D
Vo=%
D
160 = 35
D = 1600 ft

The ideas of speed and acceleration have various applications
in the household, but in general it is not easy to obtain definite
data. A car is equipped with a speedometer, and a freely falling
body has a known acceleration, but household devices are not
provided with speed registering devices, and the acceleration is
usually not known. If a vacuum cleaner is pushed across the
floor more rapidly or if an egg beater is turned more rapidly
one is immediately conscious of the increased force required; but
as to how much or at what rate the speed is increased, or how
much more force is required, there are few definite data. A
greater force will be required to cause a given change of velocity
for a large mass than for a small mass; moreover a larger force
will be required to cause a given change of velocity in a short
time than will be if a longer time is allowed. Thus we see that the
Jorce required is proportional to both the mass and the acceleration.

STUDY QUESTIONS

1. Which is the older system of weights and measures — the English
or the metric?

2. If you are ordering milk in France and want approximately
2 quarts, how do you state your order?

3. If you wish to measure out 50 cubic centimeters of orange juice
and have no metric measure, how can you measure it to get
approximately the right amount?

4. How many millimeters are equivalent to a kilometer?

5. Which is the larger amount — 100 cubic centimeters or 1/2 cup?
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In this country we have the ton, which is 2000 pounds and the
“long ton,” which is 2200 pounds. The latter is used in foreign
trade. What is its metric equivalent?

. What are the three fundamental quantities?

What are the three states in which matter may exist?

. What is intermolecular space?

. What is force?

. Distinguish between the mass and the weight of a body.

. If an equal arm balance is balanced at sea level, will it still bal-

ance if it is carried to the top of Pike’s Peak?

. If a spring balance reads 10 pounds when a given object is placed

on it, will it read more or less as it is carried to a higher altitude?
Will it read more or less as it is carried from the equator toward
either pole?

What is Hooke’s law?

What is the difference in the meaning of the terms “speed” and
“velocity”’?

Does tke speedometer of a car register speed or velocity?

If a car travels at a constant speed, does it have an acceleration?
How may the acceleration of an object dropped from an airplane
be decreased to less than 32 feet per second per second?

PROBLEMS

If your waist measure is 24 inches, what is it in centimeters?
Ans. 61 cm

If a girl is 170 centimeters tall, what is her height in feet?

If a rug is 3 by 4 meters, what are its approximate dimensions

in feet? Ans. 9.8 by 13.1 ft

If a room is 15 by 22 feet, what are its dimensions in meters?

. If you buy 5 kilograms of sugar, how many pounds do you have?

Ans. 11 1b

. If you weigh 110 pounds, what is your weight in kilograms?
. If the speed limit is 80 kilometers per hour, what is the approximate

speed limit in miles per hour? Ans. 50 mph

. If you drive at a speed of 60 miles per hour, what is your speed

in kilometers per hour?

. In a foods experiment nine 300-gram portions of meat are nceded.

How many pounds of meat should be purchased? Ans. 6 1b
If a can contains 795 grams of peaches, how many pounds does
it contain?

If you want to buy approximately 10 gallons of gasoline in Mexico
you will probably ask for 40 liters. How many gallons will you
have? Ans. 10.6 gal
If your pressure saucepan holds 4 quarts, approximately how
many liters does it hold? :
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If you are buying drapery material in France and need 16 lengths
of material, each one 90 inches long, how many meters do you
purchase? Ans. 37 m
If you buy 4 meters of cloth for a dress in Italy, how many yards
do you have?
What is the average speed of a car if it travels 400 milcs in 8 hours?
Ans. 50 mph

How long will it take to travel 300 miles at an average speed of
40 miles per hour?
How far will a plane travel in 6 hours if it has an average speed
of 200 miles per hour? Ans. 1200 mi
What is the average speed of a person who walks a mile in
8 minutes?
The speed of a ball changes from 160 feet per second to 90 feet
per second in 5 scconds. What is its average speed? What is its
acceleration? Ans. 125 ft per sec; 14 {t per sec?
A car speeds up from 15 miles per hour (22 feet per sccond) to
60 miles per hour (88 feet per sccond) in 12 scconds. What is its
average speed? What is its acceleration?
A box is dropped from an airplane and strikes the ground 10 sec-
onds later. What is its velocity when it strikes the ground? What is
its average velocity? How high is the plane above the earth?
(Neglect the friction of the air.)

Ans. 320 ft per sec; 160 ft per sec; 1600 ft
A ball is dropped from the top of a building and strikes the ground
3 scconds later. How high is the building? (Neglect the friction of
the air.)
How long docs it take an object to fall a mile? (Neglect the friction
of the air.) Ans. 18.2 scc
. How high will a ball rise if it is thrown up with a velocity of
48 feet per second?



FORCE

No one has ever seen a force but everyone has seen and feit
the effects of forces. If a body is at rest, a force is required to
start it moving or to keep it moving. If the body is already in
motion, a force is required to change its motion either in amount
or direction. A force may also change the shape of a body — it
may stretch, compress, twist, or bend the body. Some forces
act on matter constantly — for example, gravity, cohesion, and
adhesion. Other forces may be applied by man wherever and
whenever he chooses. Moving a table, compressing a spring,
stretching a rubber band, and stopping a baseball are examples
of forces applied by man according to his wishes at any particular
time in order to accomplish some desired result. A force is a
push or a pull which tends either to change the state of rest or movion
of a body, or to cause distortion of the body. (Review Sec. 5.)

Suitable units for measuring force are the pound and the gram.
A force of 1 pound is equal to the pull exerted by the earth on
a mass of 1 pound. Likewise a force of 1 gram is equal to the
pull exerted by the earth on a mass of 1 gram.

9. Graphical Solutions of Force Problems. A force may be
represented graphically by means of an arrow. The length of

< 2 18 -

.

[ 018 -

Fig. 2.1. Graphical representation of a force with an arrow.

the arrow is determined by the amount of the force. The line
along which the force acts and its direction along that line are

indicated by the direction of the arrow. For example, a force
18
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of 20 pounds acting horizontally to the right may be repre-
sented by an arrow as in Figure 2.1. If drawn to a scale of
1 inch = 5 pounds, the arrow will be 4 inches long; if drawn
to a scale of 1 inch = 10 pounds, the arrow will be 2 inches
long.

Often two or more forces may be replaced by a single force
called the resultant, which will produce the same effect as the

418 1318 17 18

+ > = —b

b. 4 LB + - 13 18 = o 9 LB

Fig. 2.2. Vector addition of forces.

several forces acting together. The original forces are known as
the components of the resultant. If two forces act along the same
line and in the same direction, the resultant is equal to the sum
of the components, as shown in Figure 2.2a. If two forces act
along the same line but in opposite directions, the resultant is
equal to the difference between the two forces, and its direction
is that of the larger force, as shown in Figure 2.25. If two forces
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Fig. 2.3. Graphical composition of forces.

d

act at an angle with each other, the resultant may be found
graphically by completing a parallelogram, the sides of which
are proportional to the forces, and drawing the diagonal from
the point of application of the forces to the opposite corner of
the parallelogram. This line gives both the size and the direc-
tion of the resultant force. For example, if forces AB and AC act
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at right angles to each other, the resultant will be AD. See
Figure 2.3a. If forces AB and AC act at some angle other than
90°, the same method is followed. See Figures 2.3b and c. Fig-
ures 2.3d, ¢, and f show corresponding solutions by the triangle
method. After the arrow representing one force has been drawn,
an arrow representing the second force is joined to the head of
the first arrow. The resultant force is the arrow drawn from the
tail of the first arrow to the head
of the second arrow. The idea
of the triangle method may be
extended for more than two
forces; the figure then becomes
b b a polygon but the arrow drawn
from the tail of the first arrow
to the head of the last arrow is
the resultant force. Moreover it
makes no difference as to the
order in which the forces are joined. Figure 2.4 shows two
orders of combining a series of the same forces, and the size and
direction of the resultant is the same in both cases.

A given force may also be resolved into two or more com-
ponents. The directions of the desired components must be
stated. For cxample, the force on a vacuum-clcaner handle
may be resolved into vertical
and horizontal components
as shown in Figure 2.5. If a
force of 8 pounds is applied
along the handle it may be
represented by an arrow AB
drawn parallel to the handle.
If thenavertical line is drawn

through one end of 4B an
g. 1o d Fig. 2.5. Resolving a force into horizon-
a horizontal line through tal and vertical components.

the other cnd of AB, these

lines will cross at C. BC represents the vertical component and
AC the horizontal component of AB. In this case AC is the useful
component of AB which moves the cleaner along the floor, but
it is more convenient to apply a larger force AB at an angle
than it is to apply a horizontal force AC. The component BC is

d a

Fig. 2.4. Two orders of combining
forces by the polygon method.
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ineffective in moving the cleancr along the floor except that it
enters into the force required to overcome friction. (See Sec. 12.)

If an object rests on an inclined plane, the force due to its
weight which is a vertical downward force may be resolved into
two components — one parallel to the plane and the other nor-
mal (at right angles) to the plane. If a car is on an inclined
plane (a hill) as shown in Figure 2.6, its weight W may be

AL 10

Fig. 2.6. A force may be resolved into components normal to and parallel to
an inclined plane.

resolved into the componcnts N, normal to the road and P,
parallel to the road. /N represents the force which the car cxcerts
on the road and, neglecting friction, P is the force which must
be exerted by the brakes to keep the car from rolling down the
hill. Neglecting friction, this is also the force which must be
exerted by the engine to make the car travel up the hill at con-
stant spced. The actual force which must be exerted by the
engine is this force plus the force required to overcome the fric-
tion, and if the speced of the car is increased, still more force
must be supplicd by the engine to cause this acceleration.

10. Torque. If a forcc is used to produce rotation the turn-
ing effect of the force depends on two factors — the amount of
the force and the perpendicular distance from the line of action
of the force to the point about which the force is acting. This
perpendicular distance is known as the lever arm of the force.
The product of the force F and its lever arm L is the torque of the force.

T = FL

The torque exerted by a 75-pound child who sits 4 feet from
the pivot of a teeter-totter is
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T=FL
=75X 4
= 300 ft-1b
The torque exerted by this same child when he sits 6 feet
from the pivot is

T = FL
=75X6
= 450 ft-Ib
15 8
50 (8
¥
e—6 £ $ 9F

Fig. 2.7. The two torques balance each other.

In this last case how far from the pivot must a 50-pound child
sit in order to balance the torque of 450 foot-pounds?

T =FL
450 = 50 L
9ft =1L

11. Pressure. Often it is important not only to know the
force but also to know over how much area that force is dis-
tributed so that we may judge the intensity of the force. Pressure
is the force per unit area. For example, if a force of 20 pounds acts
on an area of 5 square inches, the pressure is

F

A
_ 20
5
= 4 Ib per sq in.

But if the same force of 20 pounds acts on an area of 10 square
inches, the pressure is

P

SIS &I

I
()

lb per sq in.
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12. Friction. Is friction useful or wasteful? On first thought
the answer is “wasteful.” The useful work done by the engine
of a car is decreased if there is friction in the gears and trans-
mission, or in the engine itself. It takes more force to slide a
heavy box on a cement sidewalk than on a waxed floor. A floor
is waxed for dancing to decrease friction. But on the other hand,
without friction, walking would be impossible. Friction holds
the shoe in place on the floor while the body is moved ahead
in the next step. It is difficult to walk on an icy sidewalk because
the friction is so slight. If the friction between the tires and the
wet road is not great enough, the wheels spin and the car will
not move ahead. Were it not for friction, nails would not hold
boards together, pencils would not write on paper, and brakes
on cars would not stop the wheels. There are probably more
cxamples of useful than of wasteful friction.

Friction is the resisting force which opposes any effort to roll or slide
one body over or through another. It is a retarding force. If a chair
is moved across the floor or a book pushed across the table, the
frictional force tends to hinder the motion. The friction is due
to irregularities in the surface, and to cohesive and adhesive
forces. Two surfaces rubbing together may look smooth to the
eye and feel smooth to the hand but still be quite rough if exam-
ined microscopically. All surfaces are rough to some extent and,
as one surface slides or rolls over the other, the projections on
one move up and down over the projections on the other. As
the surfaces are smoothed, these projections are decreased and
the friction becomes less. Planing, sandpapering, grinding, oil-
ing, and waxing reduce the friction either by removing the pro-
jections or by filling the cavities between the projections. Starting
friction is always greater than moving friction, and in general
sliding friction is greater than rolling friction. It is harder to
start a car rolling along a pavement than it is to keep it rolling,
because force is required to give the car an acceleration, or as
we sometimes say, ‘““to give it a start.”” Moreover, it is far easier
to roll a car than it is to slide it. Probably one man can move
a car if the brakes are released so that it can roll, but if the
brakes are set, he cannot possibly slide the car. It is also easier
to move a piano on rollers than it is to slide it.

The force required to balance or overcome the retarding
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force of friction depends on the nature of the surfaces in con-
tact and on the magnitude of the force holding the objects
together. If the force required to move an object with uniform
velocity on a given surface is determined, and then the weight
of the object is doubled but all other conditions arc kept the
same, it will be found that in the second case twice as much
force is required to move the object. For any given pair of sur-
faces therc is a constant ratio between the force required to
overcome friction and the force holding the two surfaces together.

The force holding the sur-

faces together acts at right
Fe3 18 angles to the surfaces; that

————————1) s, itis a normal force. On a
L 1 horizontal plane the normal
force is equal to the weight
of the body. If the body is
on an inclined plane, the
normal force may be deter-
mined graphically. (Scc Fig. 2.6.) This ratio between the force
required to overcome friction and the normal force is known as the coefficient

of friction.

Coefficient of friction =

N =150 LB

Fig. 2.8. Finding the cocfficient of
friction.

force required to overcome friction
normal force

For example, if a force of 30 pounds is required to move (with
uniform velocity) a 150-pound body which is resting on a hori-
zontal surface,
_30
“= 150

= 0.2

If a 300-pound body of the same material is to be moved over
the same surface

F
0.2—3—66
F=0601b

Within wide limits the coefficient of sliding friction is inde-
pendent of the areas in contact. For example, the same force is
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required to move a brick along a horizontal table top, regard-
less of which of its surfaces the brick is resting on, provided the
nature of the surfaces is the same. At first it might seem that
the force would be greater when a larger area is in contact, but
if the brick is resting on one of its largest surfaces, the amount
of force per square inch of bearing surface is less. If it rests on
one of its smallest surfaces, the force per square inch is more
but there are fewer square inches in contact. Experiments show
that the area of the surface does not influence the amount of
force required vo overcome the friction.

In rolling friction, as the roller moves forward it compresses
the surface directly under it. This makes a ridge ahead of the

N\

O
NN\
N7 N N

SUDING ROLLING

Fig. 2.9. Showing the causes for sliding and for rolling friction.

roller or wheel; consequently it is always climbing out of a
depression. The smaller the wheel the steeper are the sides of
the depression. One piano may be harder to move than another
which is no heavier, because the first piano has smaller rollers.
The smaller rollers mar the floor more than larger ones do,
because the total weight of the piano is supported on the rollers
and if they are small, the force per unit area is increased.

Oil on metal surfaces decreases friction. Instead of metal
moving on metal a film of oil covers the metal surfaces and as a
result the moving surfaces become metal on oil or even oil on
oil. Friction of solids on solids is independent of the speed within
wide limits, but if a solid moves through a liquid or a gas, the
friction increases rapidly as the speed increases. The friction of
a car moving through air increases approximately as the cube
of the speed. That is, if the speed increases from 10 to 20 miles
an hour the resistance will be eight times as great. If one tries
to increase the speed of a rowboat, the increased effort required
is very noticeable. In the case of cars, airplanes, and motor-
boats, the amount of gasoline required for a given distance,
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covered at various speeds, is an indication of the varying resist-
ance. This is one of the tests that enter into calculating the
most efficient speed at which to drive a car or motorboat. Stream-
lining decreases the frictional force.

COEFFICIENTS OF FRICTION

Sliding
Oak on oak — fibers parallel 0.4 to 0.5
Oak on oak — fibers crossed 0.3 to 0.4
Leather on metal, lubricated 0.1 to 0.2
Steel on ice 0.02 t00.03
Rubber on concrete 0.5 to 0.8
Leather on waxed wood 0.2 to 0.4
Rope on wood 0.4 to 0.5
Steel on steel, dry 0.03 to 0.09
Rolling
Steel on steel 0.0004 to 0.008
Wood on wood 0.02 t00.03

STUDY QUESTIONS

1. How do we know that there are forces?

2. Suggest several things that might happen if the forces of gravity,
cohesion, and adnesion ceased to act.

3. What information about a force can be shown with an arrow?

4. How does an arrow which represents a south wind differ from one
representing a north wind? An east wind?

5. How would an arrow representing an upward pull of 20 pounds
differ from one representing an upward pull of 60 pounds?

6. How may the torque of a given force be increased?

7. What is the difference between pressure and force?

8. What causes sliding friction? Rolling friction?

9. Why do people put glass gliders under pieces of furniture?

0. Why does the engine of a car become too hot if the oil supply is
low?

1. Does air, or water, offer the greater resistance to the movement
of a body?

12. If a heavy box is dragged along a horizontal sidewalk, and then
up an inclined sidewalk, in which case is the greater force required?

13. If a 50-pound box is to be placed at a point 20 feet higher than
it now is, would you rather carry it up a vertical ladder or diag
it up an inclined plane? Why?

14. What is the purpose of streamlining?
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PROBLEMS

Solve the following problems graphically and analytically.

a. If a force of 3 pounds and a force of 4 pounds act along the sammc
line and in the same direction (east), what is the size and direc-
tion of the resultant? Ans. 7 1b east

b. If the above forces act along the same line but in opposite
directions (3 pounds east and 4 pounds west), what is the size
and direction of the resultant? Ans. 1 1b west

¢. If the 3-pound force acts to the east and the 4-pound force acts
to the north, what is the size and dircction of the resultant?

Ans. 5 1b at an angle 53° north of cast

Solve the following problems graphically and analytically.

a. If a force of 6 grams and a force of 8 grams act along the same
line and in the same direction (up), what is the size and direction
of the resultant?

b. If the above forces act along the same line but in opposite dircc-
tions (6 grams up and 8 grams down), what is the size and
direction of the resultant?

¢. If the 6-gram force acts horizontally and to the left and the
8-gram force acts vertically downwards, what is the size and
direction of the resultant?

A force of 4 pounds is applied along the handle of a vacuum

cleaner, which makes an angle of 30 degrees with the horizontal.

What is the horizontal component of the force? Ans. 3.5 1b

If a sled is pulled by means of a rope, what force must be exerted

on the rope which makes an angle of 30 degrees with the horizontal

in order to exert a horizontal force of 26 pounds on the sled?

. A box which weighs 300 pounds rests on an inclined plane which is

.

10.

10 feet long and 6 fect high. What is the force parallel to the plane?
What is the force normal to the plane? Ans. 180 1b; 240 1b
A car which weighs 4000 pounds is on a hill which rises 10 fcct in
a distance of 100 feet along the road. What is the force parallel
to the road? What is the force normal to the road?
What is the torque of a child who weighs 60 pounds and sits 5 fect
from the pivot of a tecter-totter? How far from the pivot must a
50-pound child sit in order to balance the torque of the first child?
Ans. 300 ft-1b; 6 ft
A load of 30 pounds is placed on an unequal arm balance. The
lever arm for the load is 4 inches. The counterweight weighs
6 pounds. How far from the pivot must it be placed in order to
balance the load? ‘
If a 20-pound picce of iron rests on an area which is 2 by 2 inches,
what is the resulting pressure? Ans. 5 1b per sq in.
If a 2000-gram weight rests on an area of 40 square centimeters,
what is the resulting pressure?
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What is the coefficient of friction if a force of 30 pounds is required
to slide a 200-pound object across a waxed floor? Ans. 0.15
What force will be required to slide a box of books weighing
60 pounds across a cement floor if the coefficient of friction is 0.3?
What force will be required to roll a 200-pound truck across the
floor if the coefficient of friction is 0.04? Ans. 8 1b
What is the coefficient of rolling friction if a force of 15 pounds will
roll a 150-pound washing machine on a cement floor?

In Prob. 5 what is the force required to overcome the friction as
the box is moved up the plane if the coefficient of friction is 0.05?
What is the total force required to move the box up the plane
at a constant speed? Ans. 121b; 192 1b
In Prob. 6 what is the force required to overcome the friction as
the car is moved up the hill if the coefficient of rolling friction is
0.05? What is the total force required to move the car up the hil!
at a constant speed?



WORK, ENERGY, AND POWER

Work, cnergy, and power, like force and velocity, arc words
which are used with various meanings in everyday life. They arc
often used with reference to mental as well as physical efforts,
and we must recognize that they are often used with other than
their scientific meanings. But the language of a scientist must
be exact and definite, and any term he uses must have only one
meaning, so that when he uses that term he will not be misin-
terpreted or misunderstood.

According to everyday usage, a student works when he sits
quictly puzzling over a physics problem. We say that the firc
was the work of an incendiary, and that holding a heavy weight
all day is hard work. But in the physical sensc no work was done
in any of these cases. We must, thercfore, learn what the scicntist
means by work; he limits work to processes involving motion or
displacement produced by a force.

We say encrgy is needed to climb a hill, certain foods are rich
in energy, the earth receives energy from the sun, some pcople
are “full of energy.” But what is energy? Energy is not work —
it is ability to do work. You can ncither play, see, speak, nor
eat without the use of some kind of energy. Energy is one of the
most important ideas in physics. In this chapter we shall study
mechanical energy but in later chapters we shall study other
forms of energy such as heat, electricity, light, and sound; hence
we begin to realize the many-sided nature of energy. In our
daily lives we are constantly concerned with changing one form
of energy into another, and much of our enjoyment of life is
due to the fact that energy can be changed from one form to
another. For example, the energy in the food we eat keeps our

bodies warm and enables us to do work. The electrical energy
29
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which we use in our homes may be converted into heat or
light, or used to operate the vacuum cleaner, the radio, or the
telephone.

We speak of electric power and horsepower, and of a king of
great power. We use high-power telescopes and microscopes.
We read of a powerful magnet that is used in a factory. But in
physics “power” means rate of working. It is often important
not only to know the total amount of work done but to know
the amount of work done in one second, one minute, or one
hour. Some devices can do work faster than others — many
machines can work faster than a man. If a load of 500 pounds
of paper is to be carried from the basement to the tenth floor
of a building a man can carry it up if he is given enough time
to make several trips, but it can all be carried up in one trip on
an elevator, and in a fraction of the time required by the man.

13. Work. Work has a dcfinite meaning involving two physi-
cal concepts which have already been studied — force and dis-
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Fig. 3.1. The amount of work is determined by the force and the distance
through which it moves.

tance. If a force acts on a body and causes the body to move, the amount
of work done is equal to the product of the force and the distance through
which the force moves.

W = FD
If the direction of the force is not the same as that of the motion,
then only that component of the force which is effective in the
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direction of the motion is considered in calculating the amount
of work done.

Work is done when a book is lifted, when a chair is pushed
across a floor, when a spring is stretched, or when a gas is com-
pressed. In each of these cases a force has acted, and has caused
a change in the position, tension, or volume of the material on
which it acted. If a man lifts one end of a heavy plank from the
ground and then stands supporting it for some time, he has
done work in lifting it, but is not doing work while he simply
supports the plank. He is exerting himself, that is, he is applying
force, but he is not causing any change in the position of the
plank. If a force is applied to a vacuum-cleaner handle, the
force may act at an angle with the floor. But the cleancr moves
along the horizontal, and only the horizontal component of the
force which acts is used in calculating the amount of work done
on the cleaner. If a body is on an inclined plane, the component
of the force parallel to the plane is the force which, neglecting
friction, enters into the work required to move the object up
the plane. The component normal to the plane is used in cal-
culating the force required to overcome friction. The total force
required to move the object must also include the force required
to overcome the friction.

Since the amount of work is dependent on both the force
and the distance through which the body moves, the unit in
which work is measured must combine these two factors. The
foot-pound and the gram-centimeter are two common units for work.
A foot-pound is the amount of work done when a force of 1 pound
acts through a distance of 1 foot. A gram-centimeter of work is
the amount of work done when a force of 1 gram acts through a
distance of 1 centimeter. It must be remembered that it is the
force exerted and not the mass of the object which is used in
determining the amount of work done.

14. Energy. Energy is the ability which a body has to do work.
Inanimate bodies possess energy only because work has been
done upon them. If a spring is compressed, a body lifted, or a
ball thrown, the amount of work which the object is capable of
doing in returning to its original state or position is equal to the
work which has been done on it.

Work is done on the spring of a watch when it is wound and
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as a result the spring is capable of moving the hands of the
watch. If a 10-pound body is lifted 5 feet off the ground, 50 foot-
pounds of work have been done on it and now because of its
position the body has 50 foot-pounds of encrgy stored in it. The
energy which a body has because of its position is called potential energy.
A body is not necessarily given potential energy just because it
is moved to a new position but only when it is able to do more
work in its new position. If an object is lifted, it is thereby given
potential energy; but if it is just moved along a level surface
from one position to another, its potential energy is not increased.

Whenever a body is in motion it is able to exert a force and
to do work in coming to rest. For example, when the catcher
stops a baseball, the ball does work on his hands. When an
automobile runs into a tree, it does work on the tree. A moving
body always possesses energy, the amount of which depends on
both the mass and the velocity of the body, but the amount of
work it can do before coming to rest is exactly equal to the
work which has been donc upon it. The energy which a body has
because it is in motion is called kinetic energy.

15. Conservation of Energy. Since the amount of energy
which a body possesses is equal to the amount of work which
it can do, it is evident that after the body has done some work its
supply of energy is decreased. But in doing work the energy which
the body loses is transferred te the object on which work is done.
When a man does 20 foot-pounds of work in throwing a ball, hc
gives up that much energy to the ball. As the ball travels through
the air, a small part of the energy is used to do work against the
friction of the air and is converted into heat. The remaining
energy is used to do work on whatever stops the ball — either the
catcher’s hand or the ground.

Experiments with objects which receive, store, and deliver
energy lead to the gencral law that energy cannot be created or
destroyed but it may be transformed from one form to another. In our
everyday lives we are repeatedly concerned with methods of
changing one form of energy into another. For example, the
chemical energy in coal is changed into heat energy when the
coal is burned and electrical energy is changed into light and
heat energy in an electric lamp.

At this time we should also recall the law of conservation of
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mass. If the masses of several materials which are to enter into a
chemical reaction are added, and this total mass compared with
the total of the masses of the resulting materials, it will be found
that the two totals are cqual. That is, in a chemical reaction
materials may be recombined, but the total mass before the reaction
is equal to the total mass after the reaction.

For many years these two laws — conservation of energy and
conservation of mass — werc regarded as two separate and indis-
putable laws. But in the twentieth century scientists have learned
that under special conditions it is possible to convert mass into
energy; in 1945 the whole werld became aware of the result of
this discovery when the atomic bomb was first used. In an atomic
bomb, changes in the nuclei of atoms are made to occur, with
the result that small amounts of mass are converted into large
amounts of ecnergy. Thus, when measured in suitable units, the
total of the mass and the energy before the reaction is equal to the total of
the mass and the energy after the reaction. Therefore a combination
of the two laws is necessary when extraordinary means are used
in combining the materials, while each law holds separately
under ordinary conditions.

Up to the present time much of the research on nuclear energy
has been devoted to its destructive uses. But nuclear energy can
be used to bencfit mankind. The great quantities of heat liberated
in the reactions between nuclei may be used to heat water and
produce steam at high pressure, which in turn may be used to
heat buildings or to operate turbines to generate electricity.
Power plants utilizing nuclear energy are now in use to operate
submarines. Other uses are being developed.

Another important use of nuclear energy is in the field of
medicine, where radioactive isotopes resulting from nuclear re-
actions are used in research and in the treatment of patients.
These isotopes are also used in plant and animal research, and
it is hoped that their use will be the key to the answer for many
questions concerning growth and nutrition.

16. Power. When work is done, the amount of work is not
the only important consideration, for the time required to do the
work is also of interest. Uusually a machine, an engine, or a
motor is chosen not on the basis of the total amount of work to
be done, but on the basis of the rate at which the work is to be
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done. Power is rate of doing work. The power P may be found by
dividing the total amount of work W by the time 7T required
to do the work.

1%
P==

Since power is obtained by dividing work by time, units for power
may be any work unit divided by any time unit. Some common units are
foot-pounds per second, foot-pounds per minute, and gram-
centimeters per second. Power is also frequently expressed in
terms of horsepower. The term came into use at the time the first
steam engines were made and it was of interest to know how
many horses the engine could replace. The accepted numerical
values for 1 horsepower are 550 foot-pounds per second or
33,000 foot-pounds per minute.

Work (ft-1b) Work (ft-1b)
Horsepower = b or b
550 ----— X T (sec) 33,000 -— X 7T (min)
sec min

A man can work at an average rate of about 1/10 horsecpower
and a woman at about 1/15 horsepower. For short periods of time
these rates may be increased considerably.

STUDY QUESTIONS

1. Define work.

2. If you try for 10 minutes to move a heavy box and cannot move it,
how much work have you done on the box?

. As a clock pendulum swings, what kind of energy does it have
when passing through the central position? When it is at the end
“of a swing?

. Account for the energy possessed by the water above a dam.

. What is the law of conservation of energy?

. What is the law of conservation of mass?

. What is the law of conservation of mass and energy?

. What are some peace-time uses for nuclear energy?

. Name several uses for radioactive isotopes.

. Is the amount of energy available for use by man increasing or
decreasing?

11. What is the origin of the term “horsepower”?

12. Is the power of a car engine greater at 50 miles per hour or at

20 miles per hour? Why?

()
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PROBLEMS

. How much work is required to lift a load of 120 pounds a vertical

distance of 8 feet? Ans. 960 ft-1bh

. How much work is required to lift a 500-gram weight a vertical

distance of 30 centimeters?
How much force is required to slide a 400-gram box along a table
top if the coefficient of friction is 0.2? How much work is required
to move the box 30 centimeters? Ans. 80 g; 2400 g-cm
How much work is required to slide a 4-pound book a horizontal
distance of 3 feet if the coeflicient of friction is 0.2?
How much force is required to move a car which weighs 3600 pounds
up a road which rises 3 feet in 100 feet along the road if there is
no friction? If the normal force is 3598 pounds, how much force is
required to overcome friction if the coefficient of friction is 0.3?
What is the total force required? How much work is required to
move the car at a constant speed for 100 feet?
Ans. 108 1b; 1079 1b; 1187 1b; 118,700 ft-li>
How much force is required to move a 300-pound refrigerator
onto a truck if it is pushed up an incline which is 12 feet long and
the floor of the truck is 3 feet above the ground? The coeflicient
of friction is 0.2. How much work is required to put the refrigerator
into the truck?
A book which weighs 2 pounds is carried to the third floor of a
building (elevation 30 feet). How much work is done on it? How
much potential energy does it have with respect to the ground?
Ans. 60 ft-lb
An airplane which weighs 3 tons is flying at an altitude of 1 mile.
What is its potential energy?
A bhox which weighs 40 pounds is dropped from a plane at an
altitude of 5000 fecet. How much kinetic energy does it have just
as it strikes the ground? Ans. 200,000 ft-1b
A 2-kilogram weight falls from a table which is 90 centimeters high.
How much kinetic energy does it have just as it strikes the floor?
What power is required for a 110-pound woman to climb a stair-
way in her home (elevation 8 feet) in 4 seconds? What horsepower
is required? Should she climb the stairs this fast?
Ans. 220 ft-1b per sec; 0.4 hp
A motor has 165,000 foot-pounds of work to do in 10 minutes.
What horsepower is required?
A 1/4 horsepower motor works for 8 hours. How much work has
it done? Ans. 3,960,000 ft-1b
If a woman can work at the rate of 1/15 horsepower, how much
work can she do in 4 hours? (An electric motor could do this work
for about 1 cent.)



SIMPLE MACHINES

Since so much of the work in homes, on farms, in shops, and
in factories is done with machines, it is sometimes said that we
are living in the machine age. Some of these machines are quite
simple, and others are very complicated; but the complicated
machines when studied are always found to be combinations of
simple machines. A machine is a device for transferring or for trans-
forming energy. In this chapter only the simple machines which
are used to transfer mechanical energy will be explained. Later
some of the devices which are used to transform one kind of
energy into another will be explained — for example, an elec-
tric generator is a machine for changing mechanical energy into
electrical energy, and an electric motor is a machine for chang-
ing electrical energy into mechanical energy. In a gasoline engine
the chemical energy of the gasoline is changed into heat energy
which in turn is changed into mechanical energy.

Many examples of simple machines which are used to transfer
mechanical energy are familiar to everyone. When force is
applied to a pump handle to lift water or to a steering wheel
to change the direction of a car, the result is that energy is
transferred from one place to another. When force is applied to
the treadle of a sewing machine the motion of the treadle causes
various levers and wheels to move, and as a result energy is
transferred from the treadle to the needle, the shuttle, and the
feed. When a key on a typewriter is struck, a system of levers
transfers the energy from the key bar to the type bar. If one
tries to crack a hard-shelled nut without a nutcracker, open a
tin can without a can opener or take the cap off a bottle with-
out a bottle opener he soon decides that it is much easier to do

the work if he uses a simple machine. It is easier because the
36
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work is done by exerting a smaller force through a larger dis-
tance. The force applied to the handle of the nutcracker is much
less than the force required to break the nut. The handle of the
can opener moves through a greater distance than the cutting
blade but the force applied to the handle is less than the force
exerted on the can.

Sometimes a machine is used when the chief aim is not to
decrease the force required but to increase the speed. The force
required to move the blades of a rotary cream whipper through
the cream is very small, but the geared wheels which transfer
the energy from the drive wheel to the beater blades increase
the speed of the blades so that the cream can be whipped in a
very short time. However, the force applied to the drive wheel
is greater than the force required to move the beater blades
through the cream.

17. Laws of Machines. Since a machine is a device for trans-
ferring work or energy from one place to another, it is evident
that work must be put into the machine and that work will be
delivered by the machine. However, the useful output of work
is never so large as the input because some work must always
be done in overcoming friction. If the frictional force is made
as small as possible, the efficiency of the machine is increased.
The fundamental principle underlying all machines is

Work input X efficiency = work output
F; X D; X efficiency = F, X D,
where F; = input force
F, = useful output force
D, = distance input force moves
D, = distance output force moves

From the above equation it is evident that the efficiency of a machine
is the ratio of the useful work output to the work input. Efficiency is
expressed as a percentage.

It might seem, since the work input is greater than the useful
work output, that it is a disadvantage to use a machine, but a
machine enables one to control the two factors which determine
the amount of work — the force and the distance through which
the force moves. The force may be applied more advantageously
by the machine or a small force put into the machine may make
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it possible to exert a large output force. Sometimes the only
reason for using a machine is to increase the speed of the motion.
It should be recognized that a machine can give either a force advantage
or a speed advantage, but not both. An increase in force results in a
decrease in speed; an increase in speed results in a decrease in
force; a gain in one is secured at the expense of the other.

Since it is often desirable to know the relationship between
the useful output force and the input force, it has been arbi-
trarily agreed that the mechanical advantage of a machine is the ratio
of the useful output force to the input force.

F,

F;

If this ratio has a value of more than 1, there is an increase in
force but a decrease in speed; if it is less than 1, there is a decrease
in the force but an increase in the speed. If this ratio is equal
to 1, it indicates that there has been no increase or decrease in
either the force or the speed; however, it still may be advan-
tageous to use the machine in order to change the direction of
the force and the resulting motion. This method of obtaining the
mechanical advantage gives the actual mechanical advantage for it
involves the actual forces, since the force required to balance
the friction is included in F;. The theoretical mechanical advantage
may be obtained from the ratio of the distances the forces move,
but this value will always be higher than the actual mechanical
advantage because measurement of these distances gives no indi-
cation of the amount of friction in the machine.

MA =

Theoretical MA = 2t

F, ’
| L e The simple machines
of which are used for trans-
ferrin described

F, F g energy are

&7 l°_.l 1' in this chapter. These are
= L | (7) the lever, (2) the inclined
; . plane, (3) the wheel and axle,
" [ (4) the screw, and (5) the pulley.
. L o 18. The Lever. A lever

Fig. 4.1. Showing all possible arrange- 1S 2 rigid bar on which a
ments for F;, F,, and the fulcrum. force F; is applied at one
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point in order to exert a force F, at some other point. The
point about which the lever pivots is the fulcrum, f. The
fulcrum may be between the two forces, or it may be at one
end of the bar. Figure 4.1 shows all of the possible arrange-

f

> O

Fig. 4.2. Lever machines.

ments for F;, F, and the fulcrum. Figure 4.2 shows several
simple lever machines.

It is often more convenient to measure the length of the lever
arms than to measure the distances the forces move when one
is studying a lever machine. If the force and its lever arm L are
known, the torque may be calculated. (See Sec. 10.) It is found
by experiment that

Torque of F; X efficiency = torque of F,
F;L; X efficiency = F,L,
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Likewise the theoretical mechanical advantage of a lever
machine may be obtained from the ratio of the lever arms.

Theorctical MA = %

19. The Inclined Plane. An inclined plane enables one to
move an object from one level to another by sliding or rolling
it along a surface which gradually
rises. A heavy object is often loaded
into a truck by sliding it up a plank
used as an inclined plane. Any side-
walk or road which is not horizontal is
an inclined plane. A road which winds
back and forth in climbing a moun-
tain is easier to travel than one which
is too steep. In the first case the ratio of the length of the incline
to the vertical climb is greater than in the second case, or in other
words the mechanical advantage is greater. A good road should
not average more than a 6 per
cent grade, that is, it should
not climb more than 6 feet in
a distance of 100 feet. Roads
sometimes have a grade of as
much as 20 per cent for a
short distance but a car could
not continue to climb such a
sharp grade because the en-
gine soon would become over-
heated.

On an inclined plane F; is
the force applied to the object
parallel to the incline and F,
is the weight of the object to
be lifted. D; is obtained by
measuring the length of the in-
cline and D, is the vertical distance the object is lifted, or thc
height of the plane. Figure 4.3 shows an inclined-plane machine.
In Figure 4.4 are several double inclined planes or wedges.
Knife blades or any sharp cutting edge, pins, and needles are

Fig. 4.3. An inclined plane.

PIN HATCHET KNIFE NEEDLE
Fig. 4.4. Wedges.
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wedges. The sharper the wedge, the greater is its mechanical
advantage.

20. The Wheel and Axle. The usual wheel-and-axle machine
consists of two wheels on the same axis, or often one wheel is
replaced by a crank which is really one of the spokes of the
wheel with a handle at the end. Figure 4.5 shows several wheel-
and-axle machines. When the wheel or the crank makes one

T
——rn f;
4
F J
[

WHEEL AND AXLE CLOTHES WRINGER
Fi

STEERING WHEEL DOORKNOB
Fig. 4.5. Wheel and axle machines.

revolution, the axle also makes one revolution. Therefore the
distances involved are the circumferences of the two circles.!
Usually the input force is applied to the wheel or crank and the
output force is applied by the axle. In that case the mechanical
advantage is more than one, or in other words the force is in-
creased and the speed is decreased. A small force on the rim of
the steering wheel of a car results in a large force applied by
the steering rod to turn the front wheels of the car. A small force
on the handle of the clothes wringer results in a larger force
exerted by the rollers on the clothes. But sometimes the input
force is applied to the small wheel and the output force is applied
by the large wheel. In this case F, moves rapidly.

! The circumference of a circle is either # X the diameter or 2 = X the radius.
Therefore, either the diameters or the radii may be used for the distances, since
the ratio of either the diameters or the radii is the same as the ratio of the circum-
{erences.
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In a modified form of the wheel-and-axle machine the two
wheels are on separate axes; sometimes they are geared together
at their perimeters with cogs and sometimes they are connected
by means of an endless chain or belt. Since the wheels differ in
size the smaller wheel will rotate more rapidly than the larger
wheel. Sometimes this type of machine is used to increase the

BALANCE WHEEL

BAND WHEEL

BAND AND BALANCE WHEEL
OF SEWING MACHINE

EGG BEATER

Fig. 4.6. Modified wheel and axle machines.

force and sometimes to increase the speed. In a rotary egg beater
the speed is increased. The band and balance wheel of a sewing
machine are also designed to increase the speed. Clocks and
watches have cogwheels which revolve in the ratics of 60:1 and
12:1. The cogwheels which turn the pointers on the dials of
water, gas, and electric meters are made with a 10:1 ratio so
that ten revolutions of one wheel will cause one revolution of
the next wheel.

An important use of geared wheels is found in the automo-
bile. Energy must be transferred from the crank shaft of the
engine at the front of the car to the differential at the rear of
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the car. The transmission case contains gears which make pos-
sible three speeds forward and one in reverse. For high speed
the engine is connected directly to the drive shaft. Intermediate
speed may have a gear ratio of 2:1; that is, the torque is doubled.
For low and reverse the ratio may be 4:1. In the differential
there is a further speed reduction of from 3:1 to 5:1 in passenger
cars.

21. The Screw. A screw machine is used when a large me-
chanical advantage is needed in order to lift a heavy load. A
jackscrew is shown in Figure 4.7. When the handle of a screw

o

00D GRINDER

INCK
Fig. 4.7. Screw machines.

machine makes one complete revolution the load is lifted a dis-
tance equal to the pitch of the screw, or the distance between
the centers of two successive threads. A food grinder is a screw
machine, but one in which the pitch is variable. The pitch
decreases as the food travels ahead in the grinder so that the
food will be cut into smaller and smaller pieces. The average
pitch is obtained by dividing the length of the screw by the
number of threads. Since, in any screw machine, the distance
the input force travels is large compared to the pitch, the theo-
retical mechanical advantage is very large. The actual mechani-
cal advantage is usually much less because of the large amount
of friction, but even after allowing for the loss due to friction,
the actual mechanical advantage is still large.

22. The Pulley. A pulley is a wheel with a grooved rim,
which is free to rotate on its axis. The wheel, or sheave as it is
usually called, is supported in a framework called a block. Over
this sheave passes a rope, a cable, or a chain, one end of which
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is attached either directly to the load or else to another block
which is attached to the load. The input force is applied at the
other end of the rope or cable. If the pulley is
attached to a stationary support, it is known
as a fixed pulley, and if attached to the object
siewe  which is being moved, it is a movable pulley.
When heavy loads are to be lifted, combina-
tions of fixed and movable pulleys are used.

Only simple pulley combinations are used
in the home. The cords which connect the
window sash to the window weights run over
single fixed pulleys. The cords on Venetian
blinds also pass over single fixed pulleys; the pulleys simply
change the direction of the force — the blind is raised by pulling
down on the cord.

! F=lfk
P
[\ [\

A SINGLE FIXED PULLEY A SINGLE MOVABLE PULLEY
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Fig. 4.8. A pulley.
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Fig. 4.9. Various pulley combinations.
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When heavier loads are to be lifted more pulleys are used.
Figure 4.9 shows several combinations which might be used in
a factory or in a machine shop. When at rest the tension in all
parts of the rope is the same. If six ropes are used to support a
load of 1200 pounds, the tension in the rope is 200 pounds.
When the load is moved enough extra force must be applied to
overcome the friction in the system. As is true in all machines
the actual mechanical advantage is F,/F;. In general, the easiest
way to find the theoretical mechanical advantage is to count the
number of ropes which support the load. The theoretical me-
chanical advantage for a single fixed pulley is 1 and for a single
movable pulley is 2.

STUDY QUESTIONS

1. How does the actual mechanical advantage of a machine differ
from the theoretical mechanical advantage? Which is larger?

2. If the mechanical advantage of a machine is large, will the out-
put forcc move rapidly or slowly as compared with the input
force? In general, how does the speed advantage of a machine
vary with the mechanical advantage?

3. Why do you place something which is hard to cut near the hinge
of a pair of scissors?

4. Is it casier to guide a car with a large stcering wheel than it
would be to guide one with a small wheel?

5. If a workman is trying to lift the corner of a house with a jack-
screw and finds he cannot exert cnough force, what would you
suggest that he do?

6. How does the weight of a window sash compare with the weight
of the “weights” in the window casing? Then why do vou have
to “push’ the window up or down?

7. How may the efficiency of a machine be increased?

PROBLEMS

1. If a force of 10 pounds is used to lift the handles of a garden wheel-
barrow a distance of 15 inches and the load is lifted 5 inches, how
heavy is the load? What is the mechanical advantage? (Neglect
friction.) Ans. 30 1b; 3

2. If a 50-pound child on one end of a sccsaw moves up and down
2 feet, how far does a 40-pound child on the other end move? What
is the mechanical advantage? (The second question has 2 answers.
Neglect friction.)

3. A force of 40 pounds is needed to pull a large nail. The nail fits
into the claws of the hammer 2 inches from the fulerum and force
is applied on the handle 12 inches from the fulcrum. What theoreti-
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cal force is required? What is the theoretical mechanical advantage?
Ans. 6.67 1b; 6

. If a force of 6 pounds is applied on the handles of a potato ricer

10 inches from the hinge, what theorctical force is exerted on the
potatoes which are 2 inches from the hinge? What is the theoretical
mechanical advantage?

. A force of 5 pounds is applied to a pump handle 2 feet from the ful-

crum. The piston and water weigh 15 pounds and are 6 inches from
the fulcrum. What is the actual mechanical advantage? What
is the theoretical mechanical advantage? What is the efficiency
of the machine? Ans. 3; 4; 75 per cent

. A force of 2 pounds is applied on the handles of a pair of shears

3 inches from the hinge. If the efficiency is 90 per cent, what force
can be exerted to cut a cord at a point 1.5 inches from the hingc?

If the forearm is held in a horizontal position, what force in the
muscle of the upper arm is required to lift a 2-pound object in the
hand? The distance from the elbow to the object is 12 inches and
the distance from the elbow to the point where the tendon from
the muscle is attached is 1.5 inches. (Assume 100 per cent cffi-

ciency.) What is the theoretical mechanical advantage?
Ans. 16 1b; 1/8

. Tweezers are used to place weights on a balance. The length of the

tweezers is 10 centimeters. Force is applicd with the fingers
7 centimeters from the fulcrum. What theoretical force is required
to lift a 100-gram weight? (Assume 100 per cent efficiency.) What
is the thcorctical mechanical advantage?
A 300-pound refrigerator is to be moved up an inclinc which is
2 feet high and 5 feet long. The efficiency of the inclined plane is
80 per cent. What input force is required? Find the actual and the
theoretical mechanical advantage. Ans. 150 1b; 2; 214
The diameter of a steering wheel is 15 inches and the diameter of
the steering rod is 1 inch. If a force of 4 pounds is applied on the rim
of the wheel, what force can be exerted with the rod if the efficiency
is 90 per cent? Find the actual and the theoretical mechanical
advantage.
The diameter of a door knob is 2 inches and the diameter of the axle
is 0.5 inch. If a force of 0.9 pound is applied on the knob, the force
exerted with the axle is 3 pounds. What is the efficiency? Find the
actual and the theoretical mechanical advantage?

Ans. 83.3 per cent; 3.33; 4
An inclined plane is 8 feet long and 3 feet high. A force of 50 pounds
is required to move a load of 100 pounds up the plane. What is the
efficiency? Find the actual and the theoretical mechanical ad-
vantage.
A jackscrew has a pitch of 0.5 inch and the load to be lifted is
800 pounds. The efficiency is 40 per cent. What force is required
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on the turning rod if it is 30 inches long? What is the actual mechan-
ical advantage? What is the theoretical mechanical advantage?
Ans. 5.31 Ib; 151; 377
A food grinder has an average pitch of 1 inch and the handle is
10 inches long. What is the theoretical force on the food if the force
on the handle is 6 pounds? What is the theoretical mechanical
advantage?
A load of 225 pounds is to be lifted with a system of pulleys. The
tension in the rope is not to exceed 60 pounds. The efficiency is
75 per cent. How many ropes are required? Make a sketch of the
pulley system. What is the actual mechanical advantage? What is
the theoretical mechanical advantage? Ans. 5;3.75; 5
A load is to be lifted with a system of pulleys which has 3 supporting
ropes in which the tension is not to exceed 40 pounds. The efficicney
is 90 per cent. Make a sketch of the pulley system. What is the
theoretical mechanical advantage? What is the actual mechanical
advantage? How large is the load?
The diameter of the band wheel on a trcadle sewing machine is
12 inches, and the diameter of the balance sheel is 3 inches. What
is the speed advantage? Ans. 4
The crank of a rotary can opener is 6 inches long and the wheel
which rotates the can has a radius of 1/4 inch. What is the mechan-
ical advantage?
A radio tuning knob has a diameter of 1 inch and the spindle has a
diameter of 1/4 inch. What is the mechanical advantage? Ans. 4
If a rotary cgg heater has 72 cogs on the large wheel and 9 cogs on
the small wheel, how many revolutions of the blades occur when
the operator’s hand makes one revolution?



DENSITY AND SPECIFIC GRAVITY

If asked to explain the chief difference between iron and cork,
many people would reply that iron is heavier than cork. But
when they are reminded that a large cork is much heavier than a
small nail, then these people may qualify their statements by
saying that iron is heavier than cork ‘“‘according to its size.”
It is true that one of the most obvious diffcrences between sub-
stances is that for equal volumes some are heavier than others.
But this statement is not definite or exact and therefore does not
satisfy the scientist.

23. Density. The density of a substance is the mass per unit
volume. M

The units for expressing density depend upon the units in which
the mass and the volume are measured. Among the units which
may be used for density are pounds per cubic foot, pounds per
cubic inch, and grams per cubic centimeter. The density of water

in these units is
62.4 b per cu ft

0.036 1b per cu in.
1.0 g per cucm

Since the density of a substance is the mass per unit volume,
both the mass and the volume must be known before the density
can be calculated. The mass may always be obtained by weigh-
ing the material. If the material is in some regular geometric
form such as a parallelopiped, a cylinder, or a sphere, the
volume may be computed from the linear dimensions. But often
the material is irregular in shape and some other method of

obtaining the volume must be used.
48
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24. Voiume of Irregular Solids. The volume of an irregular
body may be found in various ways.

1. If the body is insoluble in a given liquid it may be im-
mersed in that liquid in a graduate which is calibrated either in
cubic centimeters or in cubic inches. The liquid level is read
before and after the body is immersed. The difference between
the two readings is equal to the volume of the object. Water is
the liquid generally used. (See Fig. 5.1.)
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a. OBJECT HEAVIER THAN WATER b. OBJECT LIGHTER THAN WATER
VOLUME =5 CU CM VOLUME =8 CU CM

Fig. 5.1, Finding the volume of an irregular solid.

2. The “overflow” method may be used. (See Fig. 5.2.) A
container of suitable size, equipped with an overflow spout, is
filled with liquid until the container overflows. Then the object
is lowered into the liquid, and the overflow caused by the object
is caught in a suitable container. If a graduate is used the volume
is obtained from the calibration on the graduate, otherwise the
liquid must be weighed and its volume calculated. Water is
generally used because it is plentiful, and easy to use, but any
liquid in which the material will not dissolve may be used.

3. The object may be weighed in air and then when it is sus-
pended in a liquid. It apparently weighs less when suspended in a
liquid because of the buoyant effect of the liquid. Archimedes
discovered this buoyant effect of liquids about 250 B.c. He was
confronted with the problem of determining whether a new
crown which had been made for the king of Syracuse was of
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pure gold. It was irregular in shape, and the volume was difficult
to determine. One day, while bathing, he noticed the buoyant
effect of the water on his body, and he suddenly realized that
here was the key to his problem. He weighed the crown first in
air and then when it was immersed in a liquid, and determined

'
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Fig. 5.2. Finding the Fig. 5.3. Finding the volume of
volume of an object from an object from the buoyant effect of
the liquid which over- a liquid.
flows.

the apparent loss of weight. This apparent loss of weight he knew
was due to the weight of the liquid displaced by the crown, and
knowing the density of the liquid, he found the volume of the
object.
loss of weight in the liquid

density of the liquid

Volume of object =

Then he calculated the density of the crown and compared his
result with the value for pure gold. Archimedes’ law of buoyancy
states that a body which is wholly or partially immersed in a liquid is
buoyed up by a force equal to the weight of the displaced liquid.

25. Volume of Bodies Lighter Than the Liquid. If the
body is lighter than the liquid in which it is suspended it floats,
and therefore in order to find its volume a suitable sinker must be
attached below the object to pull it into the liquid. Any of the
methods explained in the preceding section may then be used to
find the volume. In each case only the change caused by the
object itself (not the object and the sinker) is considered in cal-
culating the volume of the object.
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26. Specific Gravity. It was observed at the beginning of
this chapter that some materials are heavier than others. Iron is
heavier than cork —it is also heavier than aluminum and
heavier than water. Copper is heavier than iron, but not so
heavy as silver or gold. Cork is lighter than water. It would
seem to be an advantage to have some means of comparing the
density of a material with the density of some other material
chosen as a standard. Water has been chosen as a standard for
comparison, and the ratio of the density of a material to the density of
water is the specific gravity of that material.

density of material
density of water

Specific gravity =

or, what amounts to the same thing,

weight of body
weight of an equal volume of water

Specific gravity =

If a body is weighed and then is immersed in water and weighed
again the apparent loss of weight is, according to Archimedes’
law of buoyancy, equal to the weight of the displaced liquid.
This liquid has the same volume as the object. Therefore

weight of body
loss of weight of body in water

Specific gravity =

The specific gravity of a body lighter than water can also be
found by noting how much of the body sinks into the water. If
it sinks half way into the water it is one-half as heavy as water
and the specific gravity is 0.5. Likewise if it sinks until three-
fourths of the body is below the surface of the water its specific
gravity is 0.75.

The specific gravity of a material always has the same numeri-
cal value regardless of the units from which it is obtained, and
since it is a ratio between two like units it has no unit. For ex-
ample, the density of mercury is

849 Ib per cu ft
0.49 1b per cu in.
13.6 g per cu cm
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Solids

Liquids
at 0°C

Gases
at 0°C
760 mm

SPECIFIC GRAVITY TABLE

Platinum

Gold

Silver

Copper

Iron

Tin

Aluminum

Lead

Concrete

Glass

Diamond

Cork

Ice

Sugar

Wood
Seasoned oak
Walnut
Mahogany
Bamboo
Gumwood

Water

Sea water
Mercury
Milk

Olive oil
Alcohol
Ether
Turpentine
Kerosene
Gasoline
Salt solution

Sugar solution
H.SO,

HNO:s

Air

Carbon dioxide
Hydrogen
Oxygen
Ammonia
Chlorine
Helium
Sulphur dioxide

10%
25%
10%
25%
5%
100%

100%

21.4

19.3

10.5

8.9

70 to7.8
7.3

2.7

11.3

27 to3.0
24 028
30 to35
0.24

0.917

1.6

0.6 to0.9
0.64 to 0.7
0.66 to 0.85
0.3 to0.4
0.52 to 0.56

1.0

1.025
13.6

1.028 to 1.035
0.92

0.81

0.736

0.87

0.81

0.66 to 0.69
1.07

1.9

— e
howorm,o
—RO® &~

0.001293
0.001977
0.0000899
0.001429
0.00077
0.003214
0.000178
0.002927

(Ch. 5
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When the ratio of the density of mercury to the density of water
is computed in corresponding units we find that

849 Ib per cu ft

62.4 1b per cu ft =136
0.49 Ib per cuin. _ 13.6
0.036 Ib per cu in.

13.6 g percucm _ 13.6

1 g per cu cm

27. Density and Specific Gravity of Liquids. The density
and specific gravity of a liquid are found according to the same
fundamental principles outlined above. To find the mass the
liquid may be weighed in a suitable container and the weight

! .600 ! 1.000 1.200 1.400 20 -eeeeeees 1.020
§ é 30 eeeeee 1.030
H 1000 [ 1.200 1.400 1.600 40+ -+--++--1.040

LACTOMETER

Fig. 5.4. Hydrometers.

of the container subtracted. If the container is a graduate the
volume of the liquid may be read directly. If the container is
of a regular geometric shape the volume of the liquid may be
calculated from the inside measurements of the container.

The specific gravity of a liquid may be obtained by using a
hydrometer, which is a cylindrical glass instrument with a weighted
bulb to make it float upright, and a calibrated stem. The hydrom-
cter is carefully lowered into the liquid which must be in a
container which will allow the hydrometer to float freely. It will
sink until it displaces a weight of liquid equal to its own weight.
Then the reading at the surface of the liquid is the specific
gravity of the liquid. In order to be absolutely accurate the
temperature of the liquid must be the same as the calibration
temperature of the hydrometer or else a correction must be
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made for the difference in temperature. Since heavy liquids
exert a greater buoyant force than light liquids, and since it is
desirable to have a short stem, hydrometers are made in various
weights for various purposes. A hydrometer which is suitable for
measuring the specific gravity of kerosene or alcohol is not heavy
enough for milk, or for solutions of sugar or salt.

Hydrometers are used to test the concentration of sugar syrups,
fruit juices, milk, alcohol, vinegar, oils, battery acid, and anti-
freeze solutions. Often a special calibration is used instead of the
regular specific gravity calibration if the hydrometer is to be
used for some special purpose. A hydrometer for testing milk is
a lactometer, and since the specific gravity of milk ranges from
about 1.026 to 1.036 and the variation is in the last two num-
bers the scale is marked from 20 to 40 meaning 1.020 to 1.040.
The specific gravity of the syrup on canned fruits indicates the
amount of sugar used and the specific gravity must not be
below a given minimum if the label is marked “in heavy syrup”
or “in light syrup.” When the attendant at the filling station
tells you your car battery tests “‘twelve-fifty” he means the
specific gravity of the battery acid is 1.250. (See Sec. 136.)

28. Density and Specific Gravity of Gases. Pressure has
only a negligible influence upon the volume of a solid or a liquid,
but it has a great effect upon the volume of a gas. Temperature
also has a decided effect upon the volume of a gas. Therefore
both the pressure and the temperature of the gas must be known.
It is customary to find the volume at the existing pressure and
temperature and then compute the volume at standard pressure
and temperature before determining the density. (See Sec. 35,
Boyle’s law and Sec. 58, Charles’s law.) The specific gravity of
a gas is sometimes given in relationship to air or to hydrogen
instead of to water.

STUDY QUESTIONS

1. Why does oil float on water?

2. Why does iron not sink in mercury? Name a material that will
sink in mercury.

3. Why can a balloon which is filled with hydrogen carry a heavier
load than one which is filled with hot air?

4. Where in a room would you expect to find the most carbon
dioxide?



5.
6.
7.
8.
9.

10.

TN

10.

11.

12,

13.
14,

PROBLEMS 55

Why will a ship, which is made of materials that are heavier
than water, float?

Does chlorine gas stay close to the ground or rise rapidly?

Will gumwood sink or float in water?

Tomato juice or the syrup on canned fruit is sometimes checked
with a hydrometer. Why?

What change occurs in the specific gravity of a liquid as its tem-
perature increases?

Which is “heavier,”” aluminum or concrete?

PROBLEMS

. If 4 cubic feet of aluminum weighs 674 pounds, what is the density

of the aluminum? What is its specific gravity?
Ans. 168.5 Ib per cu ft; 2.7

. If a silver spoon weighs 56 grams and has a volume of 5.3 cubic

centimeters, what is its density? What is its specific gravity?

. What is the weight of a picce of platinum which is 2 by 4 by

5 inches? Ans. 30.8 1b

. What is the volume of a piece of glass which weighs 20 pounds?
. What is the weight of the air in a room which is 20 by 30 by 10 feet?

(Assume standard conditions for temperature and pressure.)
Ans. 4806 Ib

. What is the weight of the water in a swimming pool which is

100 feet long and 40 fect wide, if it is filled to an average depth
of 9 feet?

. The information printed on the side of a boat reads, “Maximum

displacement 50 cubic feet.” The boat weighs 800 pounds. How
large a load may be placed in it? Ans. 2320 1b

. A life preserver has a volume of 2 cubic feet and weighs 20 pounds.

What buoyant force may it exert on the person using it?

. If a girl floats in water with about 77/80 of her volume helow the

surface of the water, what is her specific gravity? Ans. 0.96
A bamboo pole floats with about 3/5 of its volume above the
water. What is its specific gravity?
A piece of gold weighs 300 pounds. Its apparent weight when sus-
pended in water is 284.4 pounds. Find its volume, its specific
gravity, and its density.

Ans. 0.25 cu ft; 19.23; 1200 Ib per cu ft
A block of iron weighs 44 pounds. Its apparent weight when sus-
pended in water is 38 pounds. Find its volume, its specific gravity,
and its density.
What is the weight of a gallon of gasoline? Ans, 5.7 1b
What is the weight of a cubic foot of ice?



MECHANICS OF LIQUIDS AND GASES

Many of the conveniences of the modern home involve appli-
cations of the laws of liquids and gases. Water and gas are often
forced to houses many miles from the source of supply. Water
under pressure may be furnished to a house from a lake or from
an elevated tank, either of which is above the level of the house.
If it is not possible to secure water from an elevated source,
water may be pumped into a pncumatic pressure tank and
stored for future use; when it is needed it is forced by the com-
pressed air to the level where it is to be used. Pumps operate
because a difference in pressure is created by the pumping
action. Air rushes into a vacuum cleaner because of the low
pressure created in the body of the cleaner by a fan. Gasolinc
stoves must have air pumped into the fucl tank to force the
gasoline to the burner where it is consumed. Liquids may be
siphoned from one level to another and cream may be siphoned
from the top of a bottle of milk, because of the pressure of the
air. A drink may be sipped through a straw because the pres-
sure inside of the straw is decrcased below that of the atmos-
phere by sucking on the upper end of the straw.

It will be remembered that solids offer resistance to change
in both form and volume. Liquids offer little resistance to change
in form but very great resistance to change in volume. An in-
crease of pressure of 3000 pounds per square inch will decrease
the volume of water only about 1 per cent. Gases offer little
resistance to change in either form or volume. It will also be
remembered that solids exert downward pressures only. Liquids
exert downward and lateral pressures, and if enclosed may exert
pressures in all directions. Gases always exert pressure in all
directions.
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29. Pressure Due to Liquids. The downward force and pres-
sure of a liquid may be found in the same way as for solids.
(See Sec. 11.) The downward force is equal to the total weight
of the liquid. The pressure is obtained by dividing the force by
the area on which it acts.

_F

P=4
The pressure may also be calculated if the height and the
density of the material are known. Since the force which the
liquid exerts on a supporting surface is equal to the product of

the volume and the density, then

F _ volume X density _ (area X height) X density

P= 4~ area area
or P = HD
If a column of water is 10 fect high, the pressure is
P = HD
= 10 X 62.4

= 624 lb per sq ft

It is apparent, however, since a liquid must be confined in a
vessel in order to give it shape, that there are other forces and
pressures to be considered — those
on the sides of the container. At ||=——————=- P=HD=0
any given point in a liquid which
is at rest the upward, downward,
and lateral pressures are equal.
If this were not true the liquid
would flow from the region of
greater pressure to the region of
less pressure. At any other point l
in the liquid at the same depth P=HD
the pressure is the same as at the Fig. 6.1. Lateral pressure due to
first point, but points at different a liquid.
depths are at pressures which vary with the depth. The pressure
at any point may be found by P = HD. If the downward pres-
sure at the bottom of the container is P = HD, then the lateral
pressure right at the bottom is also P = HD, but the lateral
pressure at the top is zero because H is zero. Therefore the
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pressure increases from zero at the top to a maximum at the
bottom of the liquid. The
average pressure is

_HD+0 _HD
a 2 2

or in other words the average
p, pressure is equal to the pres-
sure half way down.
For example, if a dish 6 inches deep and 12 by 5 inches on
the bottom is filled with water, the pressure on the bottom is

P =HD
= 6 X 0.036
= 0.216 lb per sq in.

Fig. 6.2. Pressure varies as the dept

The average pressure on a vertical wall is

HD
P, = =
6 X 0.036
2
= 0.108 Ib per sq in.

The force on the bottom of the dish is

F=P4
=0.216 X 12 X 5
= 12.96 1b
or F = volume X density

(12 X 5 X 6) X 0.036
= 12.96 Ib

The force on one of the 6 by 5-inch sides is

F=PA
=0.108 X 6 X 5
= 3.240 Ib
and on one of the 6 by 12-inch sides is

=0.108 X 6 X 12
= 7.776 b
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30. Pascal’s Law. Suppose that a vessel fitted with two equal
pistons 4 and B, as shown in Figure 6.3, is filled with some
fluid. There is no tendency for either of these pistons to move.
But if an extra weight is placed on one piston it will move down
and the other piston will move up unless a like weight is placed

Fig. 6.3. The pistons Fig. 6.4. Pressure

do not move unless an exerted on any part
extra force is applied to of an enclosed liquid
one of them; then it will is transmitted undi-
move down and the minished in all di-
other one will move up. rections.

on the second piston. This experiment illustrates the law dis-
covered experimentally about three hundred years ago, by Pas-
cal, a French scientist, who found that pressure applied to an
enclosed gas or liquid is transmilted undiminished in all directions. 'The
expansion of a rubber balloon when it is being inflated illus-
trates this law. The air in an automobile tire exerts the same
pressure on all parts of the tire. If force is applied to the
piston in Figure 6.4, water is .
forced through the holes an ' °
equal distance in all directions.
31. Multiplication of Force
by Transmission of Pressure.
Now let us consider two cylin-
ders, a small one and a large
one, which are connected as
shown in Figure 6.5 and which Fig. 6.5. Multiplication of force due
are filled with some liquid — to the difference in the areas of the
) . pistons.
usually either water or oil. Each
cylinder is fitted with a piston. If a force is applied to the small
piston, the resulting pressure is transmitted to the large piston
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in accordance with Pascal’s law. Since the input pressure equals
the output pressure

P.' = Po
F; _F,
then 4, A4

For example, if the area of the small piston is 4 square inches
and the area of the large piston is 100 square inches, the force
which must be exerted on the small piston in order to lift a
load of 1200 pounds is

F; _ 1200
4 ~ 100
F;=481b

Such a device is known as a hydraulic machine and as is the
case with the simple mechanical machines discussed in Chap. 4,
it is not 100 per cent efficient; actually a larger force than that
calculated above is required to operate the machine. If the
efficiency of the above machine is 80 per cent, then F; is

Fi X 0.80 _ 1200
4 100
Fi =60 1lb

If the small piston moves down 50 inches the volume of liquid
pushed out of the small cylinder into the large cylinder is
4 X 50 = 200 cubic inches. If 200 cubic inches of liquid enter
the large cylinder the piston which has an area of 100 square
inches will be pushed up 2 inches.

Work in X efficiency = work out
F:D; X efficiency = F,D,

F; X 50 X 0.80 = 1200 X 2
F;=0601Ib

a result which agrees with the answer obtained by use of Pascal’s
law. A very large mechanical advantage may be obtained with
this type of machine. The actual mecnanical advantage is

F, _ 1200

MA =% =0

= 20
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The theoretical mechanical advantage is

A, _ 100 _
MA="0="% =2
or MA=£—:=%Q=25

Pascal’s law is applied in building hydraulic presses which
are used for compressing cotton bales, for pressing oils from
seeds, and for many other purposes. Hydraulic elevators are
used in some places; the chief objection to them is that they

Fig. 6.6. The hydraulic brake system of an automobile.

operate very slowly. The small piston is conneccted to the city
water main, and the large piston is the platform on which the
load is placed. To let the elevator descend, the water in the
large cylinder is allowed to run out by turning a stopcock.
Most automobiles are equipped with hydraulic brakes. The
advantage of hydraulic brakes over mechanical brakes is that
all the wheels are retarded with the same force. If mechanical
brakes are out of adjustment and one band tightens sooner than
another, the car tends to swerve sidewise. Many automobile
filling stations are equipped with hydraulic lifts for elevating
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cars while they are being greased or repaired. A hydraulic press
in use by one large steel company is capable of producing a
force of 14,000 tons, which is a force equal to the weight of
about 250,000 people.

32. Barometers. The air surrounding the earth may be
thought of as a sea of gas with the surface of the land and water
forming the floor of this sea. People speak of things being as

“light as air,” and are often surprised when con-

fronted with calculations showing the weights

of given volumes of air. The specific gravity of
—— air is 0.001293. A cubic foot of air therefore
weighs 62.4 X 0.001293 = 0.08 pound approxi-
mately. If an average size room in the home
is 14 by 16 by 8 feet it contains 1792 cubic
feet of air. The weight of this air is then
1792 X 0.08 = 143.36 pounds.

As early as 1630, in the time of Galileo, it
was believed that the air had weight and, as a
N result, exerted pressure. Galileo weighed a glass
bulb full of air, then pumped in more air and
N weighed again, and he found that the weight
of the bulb had increased. Galileo believed that
the surface of the earth was subject to the pres-
LL |y sure of all the air resting on it. He also believed

N

)

)

Z

N that the pressure exerted by the air should de-
\ crease if one traveled up through it, because
he knew from experiments that the pressure in
liquids varied with the depth. In 1644 Torricelli,
who had been a pupil of Galileo, made the first
barometer. A barometer is a device for measuring the pressure of the air.
Torricelli closed one end of a glass tube, filled the tube with mer-
cury, placed his finger over the open end, and inverted the tube.
The open end was then dipped in a dish of mercury and when
Torricelli removed his finger the height of the mercury column
dropped to 30 inches at sea level and to 29 inches at a higher
elevation. Pascal reasoned it should go even lower at still higher
altitudes. So he asked a relative who lived near a high moun-
tain to try the experiment at various points up the mountain
side. The mercury column fell lower and lower as the altitude

Fig. 6.7. Torricel-
lian barometer.
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increased but rose again to its original height in descending the
mountain. In this way it was proved that the air docs exert
pressure and that the amount of pressure decreases as the alti-
tude increases. The same results can be shown by putting such
a tube under a tall glass bell jar and pumping
out the air with a vacuum pump. The mercury
in the tube falls as the air is pumped out but
when the air is turned in again the mercury rises
to the original height. This tube of mercury in-
verted in a dish of mercury is known as a Torri-
cellian baromeler.

Since there is practically a vacuum above the
mercury in the tube, the pressure due to the
column of mercury must be the same as the pres-
surc exerted by the air on the surface of the mer-
cury in the dish. If the air pressure increases, more
mercury will be forced into the tube; but if the
air pressure decrcases, the height of the mercury
column will decrecase.

Since the mercury column stands at a height
of 30 inches at sea level, the pressure of the air
must be

P =HD
30 X 0.49
= 14.7 1b per sq in.

Il

Since this pressure is approximately 15 pounds
per square inch, that value may be used for
standard atmospheric pressure in order to simplify
mathematical calculations. In mectric units the
pressure of the air at sea level is equivalent to
76 centimeters of mercury, or to 1033.6 grams
per square centimeter (P = HD = 76 X 13.6
= 1033.6 g per sq cm).

If water is used in the barometer, the column
stands 34 feet high at sea level.

Fig. 6.8. A standard mercury barometer. (Courtesy Taylor
Instrument Companics)
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Feet of water =

Ii

inches of mercury X specific gravity of mercury

30 X 13.6

12
34 {t

12

Water barometers are too long and awkward to be usable, but
the fact that the air pressure is sufficient to balance a column

POINTER

KNIFE EDGE

MAINSPRING

VACUUM BOX

Fig. 6.9. Mcchanism of an aneroid barometer.

of water 34 feet high is of interest in connection with pumps and
pressure tanks. (See Sccs. 45 and 46.)

An aneroid barometer is much more convenient than a mercury-
in-glass barometer if the device is to be carried about. Aneroid

Fig. 6.10. An aneroid barometer.

(Courtesy Taylor
panics)

Instrument

Com-

means “without liquid” and
the sensitive part of an aner-
oid barometer is a thin cor-
rugated mectal box which is
evacuated. This makes it
sensitive to changes in pres-
sure on the outside. As the
air pressure increases, the
box is flattened, but when
the air pressure decreases,
it expands. This motion is
transmitted by a spring and
levers to a ncedle which
travels over a scale. The scale
may be graduated to corre-
spond to inches or centime-
ters of mercury, or it may be
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calibrated to give the approximate elevation in feet or meters.
Ancroid barometers are used on airplanes and balloons and by
mcteorologists, geologists, surveyors, and explorers.

A barograph is a recording aneroid barometer. The pointer
which moves as the air pressure changes is equipped with a pen
which rests against a chart on a revolving cylinder which is

1

Fig. 6.11. A barograph. (Courtesy Julien P. Friez & Sons, Inc.)

turned by means of a clock mechanism. It may revolve once a
day or once a week. A special slow-drying ink is used on the
pen so that one inking will last for several days.

33. Surface Tension. It will be noticed that the top surface
of the mercury in the barometer is curved as is shown in Fig-
ure 6.7. The mercury surface is convex (curves up) but if the
tube contains water the surface is concave (curves down). This
curved top surface is called the meniscus. If the adhesion (attrac-
tion between unlike molecules) between the liquid and the tube
is greater than the cohesion (attraction between like molecules)
between the molecules of the liquid, the liquid wets the tube
and the surface is concave. If the cohesion of the liquid is greater
than the adhesion of the liquid for the tube the liquid does not
wet the tube and the surface is convex. The curved surfaces of
liquids in small tubes are due to surface tension.
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In order better to understand the nature of surface tension
let us consider a number of familiar illustrations. When a drop
of water falls through air it tends to draw itself into a sphere.
When water is sprinkled on an oily surface or when mercury is
spilled on the floor, the small drops are spherical in shape. In
this form the surface area is reduced to a minimum. The liquid
acts as if its surface is an elastic membrane which contracts as
much as possible. The surface of a liquid in a container acts the
same way — as if it were under tension and constantly trying
to contract. But it must be remembered that the molecules in
the surface layer are no different than the molecules below the
surface layer. The surface layer is not a film in the usual sense
of the word; for example, the film which is formed on milk
when it is heated without being stirred and which can be lifted
off with a spoon is a real film.

To explain this apparent elastic film it must be remembered
that molecules are so extremely small that the attraction be-
tween them is not appreciable unless the molecules are close
together and the combined effect
of large numbers of molecules is

b
fij_\___}; considered. The space around a

molecule within which the attrac-
tive force of the molecule for
— — other molecules can be detected
—— is known as the sphere of influence of
Fig. 6.12. Illustrating the cause of the molecule. Let us consider the
surface tension. . )
molecules a and b in Figure 6.12.
Molecule a is below the surface and thus is entirely surrounded by
like molecules. Each molecule exerts attractive forces upon all of
the surrounding molecules, therefore a is in a balanced condition
because of these forces. But b, which is a molecule in the sur-
face layer, is not in a balanced condition because there are no
forces tending to pull it up to balance the downward pull of the
molecules below it. This unbalanced force which tends to pull
a surface molecule into the liquid accounts for the tendency of
the surface to contract. Therefore surface tension is due to un-
balanced molecular forces in the surface of the liquid.
There are many illustrations of surface tensions that we may
observe from day to day. A spoon or a cup may be filled a little

a
—— \
——X

=

—
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“more than full” of water and the surface tension film keeps the
water from spilling over. A needle or a safety razor blade, if
carefully placed on the surface of water, will float even though
the steel of which they are made has a greater density than the
water. Some insects which have a waxlike coating on their feet
can walk on water. However, if they are pushed through the
surface film, then the film tends to hold them under, and it is
difficult for them to get on top of the film again. The surface
tension of oil is less than that of cold water; hence if a drop of
oil is placed on the surface of cold water it spreads out in a thin
film. However, since the surface tension of hot water is much
less than that of cold water, if a drop of oil is placed on the sur-
face of hot water it shows less tendency to spread out. Globules
of fat sometimes float on the surface of hot soup, but as the soup
cools the fat spreads out over the surface. The spreading behavior
of an oil on the surface of water depends on (1) the surface
tension of the oil, (2) the surface tension of the water, and
(3) the interfacial tension or the tension of the surface between
the two liquids.

Surface tension is of importance in beating eggs or cream. If
the surface tension is decreased the materials whip better be-
cause the films spread thinner, and have less tendency to shrink
into droplets; consequently more air can be incorporated. The
addition of salt or cream of tartar improves the whipping quality,
but sugar decreases the whipping quality. Cold cream whips
better than warm cream; this behavior may seem incompatible
with the fact that surface tension increases with lower tempera-
ture. But viscosity also increases with lower temperature, giving
the whipped cream, with its incorporated air bubbles, a more
mechanically stable structure.

Often when a solvent is used to remove a grease spot from a
dress the spot disappears but a ring is left. This is because the
solvent dissolves the grease, and since the surface tension of the
solvent is low it spreads rapidly through the cloth, thus distrib-
uting the grease spot in a large circle around the original spot.

34. Bourdon Pressure Gauge. A Bourdon pressure gauge
contains a curved hollow tube the open end of which is con-
nected to the container in which the pressure is to be measured,
and the closed end of which is attached to a lever system which
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in turn is connected to a cogwheel. When this wheel rotates, it
turns the pointer on the face of the scale. When the pressure
increases, the tube tends to straighten, and as a result, the
pointer is moved to a higher reading. If the gauge is made so
that the pointer reads zero at normal atmospheric pressure and
moves up or down as the pressure goes either above or below
atmospheric pressure, the readings indicate the difference in
pressure between the unknown pressure and atmospheric pres-
sure, and such readings are known as gauge pressures. The total

Fig. 6.13. A Bourdon pressure gauge.

or absolute pressure is obtained by adding the atmospheric pres-
sure to the gauge reading. A gauge reading of 20 pounds per
square inch is equivalent to an absolute pressure of 15 + 20 =
35 pounds per square inch. A gauge pressurc of — 5 pounds
per square inch is equivalent to an absolute pressureof 15 — 5 =
10 pounds per square inch.

35. Boyle’s Law. Robert Boyle in 1660 found when experi-
menting with gases that if he held the tempcrature of a gas
constant while he increased the pressure its volume decreased,
but when he decreased the pressure the volume increased.
Boyle’s law is stated as follows: if the temperature of a given mass
of a gas is held constant, its volume varies inversely with the absolule
pressuve to which it is subjected.

Po_ T
P, vV,
or PV, = P,V,

For example, if the volume of the gas was reduced to one half
of its first value, the pressure was doubled, or if the volume was
increased to three times its first value the pressure was reduced
to one third of what it had been. When air is pumped into a
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tirc until the gauge reads 30 pounds per square inch the abso-
lute pressure of the air has been changed from 15 pounds per
squarc inch atmospheric pressure to 45 pounds per square inch
(30 4+ 15 = 45). When oxygen is stored in tanks for use in hos-
pitals, laboratorics, and shops it is often under a gauge pressure
of 2200 pounds per square inch or an absolute pressure of
2215 pounds per squarce inch.

36. Pressure Coffee Makers. Cloflcc makers of the type
shown in Figure 6.14 depend in part on atmospheric pressure
for their operation. The water
is placed in the lower con-
tainer, the top part is fitted
snugly into the lower part (a
rubber gasket makes an airtight
joining possible), the filtering
device is put in place, and the
ground coffee is placed in the
top container. Then the coffee
maker is placed over a source
of heat - or it may have a sclf-
contained clectric heating unit
as shown in Figure 6.14. As the
temperature increascs, the air
and water vapor in the lower
container expand and force the
hot water up the tube in to the
upper container. In the automatic type all of the water is forced
into the upper container; consequently, the temperature in the
lower container rises high enough to operate a thermostat which
turns the unit to low heat. Then the air and water vapor in the
lower part cool and contract, thus reducing the pressure to less
than atmospheric pressure, and the liquid (coffee) in the top
container is forced back into the lower container.

It is important not to loosen the upper part from the lower
part while the liquid is in the upper part because the pull
of gravity alone cannot force the liquid through the filter.
The extra pressurc required results from the difference be-
tween atmospheric pressure and the decreased pressure in the
lower container.

Fig. 6.14. A pressure coffee maker.
(Courtesy Sunbeam Corporation)
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37. Manometers. Open Manomelers. If a U-tube is partly filled
with a liquid, the liquid will stand at the same level in both
arms when the U-tube is exposed to atmospheric pressure only.
If, however, one side is subjected to a greater pressure, the liquid
will fall on that side and rise on the opposite side. The pressure
in excess of atmospheric is found by multiplying the difference
in height of the two columns of liquid by the density of the
liquid. For example, if one side is connected to a gas cock and
«f the liquid then stands at 2 inches on onc side and at 9 inches
on the other side, the gauge pressure of the gas is equivalent to
7 inches of the liquid. If the liquid is water

P =HD
=7 X 0.036
= 0.252 1b per sq in.

The total or absolute pressure is obtained by adding this amount
to the atmospheric pressure. If the pressure to be measured is

15 15 15 15

10, 1 10 10,

5 5 5 5
OPEN TUBE CLOSED TUBE

Fig. 6.15. Open and closed inanometers.

less than atmospheric — for example, the pressure in a vacuum-
cleaner nozzle — the liquid will rise on the side subjected to the
decreased pressure. The decrease in pressure is calculated from
the difference in the height of the two columns; the absolute
pressure is obtained by subtracting this amount from the atmos-
pheric pressure. For small differences in pressure water is the
liquid generally used in the tube, but for larger pressures mer-
cury is used — otherwise the tubes would be inconveniently
long.

Closed Manometers. A closed manometer is often used for meas-
uring large pressures. One end of the tube is closed and the
space above the liquid is filled with scme gas — usually air.
The volume and the pressure of this gas are measured when the
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other side of the manometer is exposed to atmospheric pressure.
Also the volume of the enclosed gas and the difference in level
of the liquid columns is noted when the manometer is connected
to the container in which the unknown pressure is to be meas-
ured. The pressure of the gas in the closed arm may be deter-
mined by use of Boyle’s law. The absolute pressure in the con-
tainer is then equal to this pressure plus the pressure due to the
difference in the two columns of liquid which is calculated by
P = HD. For example, if, when the manometer is exposed to
the unknown pressure, the volume of the gas in the closed arm
is reduced to one-quarter of the original amount then the pres-
sure of the gas according to Boyle’s law is 4 X 15 = 60 pounds
per square inch. If the liquid (for example Hg) stands 10 inches
higher on one side than on the other side of the manometer, the
pressure due to the liquid is 10 X 0.49 = 4.9 pounds per square
inch. Therefore the total abso-
lute pressure is 60 + 4.9 = 64.9
pounds per square inch, and
the corresponding gauge pres-
sure is 64.9 — 15 =49.9 pounds
per square inch.

38. The Siphon. A siphon
is a bent tube with unequal
arms which is used for trans-
ferring liquids from a higher
to a lower level. If the tube
is filled with the liquid and
placed as shown in Figure 6.16,
the liquid will flow from the upper container into the lower
container. Since atmospheric pressure keeps the short arm full,
the maximum distance from the top of the liquid at A4 to the top
of the bend B will be determined by the kind of liquid and by the
atmospheric pressure. For standard atmospheric pressure, this
distance is limited to 34 feet for water and to 30 inches for
mercury. The upper surface of the liquid at 4 and the open end
of the siphon at C are both subject to atmospheric pressure. The
pressure which makes the siphon operate is proportional to the
difference in height between the points 4 and C and to the
density of the liquid; i.e., the pressure is calculated by P = HD.

Fig. 6.16. A siphon.
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Siphons are used for a variety of purposes. Cream may be
siphoned from the top of a bottle of milk, gasoline may be
siphoned from the tank of a car, and water may be siphoned
from a tank. Somctimes after sediment has settled out of a
liquid the clear liquid is siphoned off without disturbing the
deposit in the bottom of the container. Water may be siphoned
from a fish bowl without disturbing the decorations and water
plants which may be in it. In chemical laboratories glass siphons
are used in removing liquids from reagent bottles. Siphons are
used in aqueducts to carry water over hills; the air bubbles
which are carried along in the water tend to collect at the top
of the siphon and small air pumps have to be installed to keep
the pipe full of water.

39. Vacuum Cleaners. The first vacuum cleaners were made
very much like pumps, but they pumped air instead of water.
The rush of air through the machine carried dust and litter
with it, and the air escaped through a cloth bag which trapped
the dirt.

In the vacuum cleaners in use today a decrease in pressure
is produced in the body of the cleaner by a fan which is oper-
ated by an clectric motor. The fan and motor are enclosed in
a case; on the intake side of the case is the nozzle which is
shaped to fit closely to the surface to be cleaned; on the outlet
side the air escapes through a cloth or fiber bag which traps the
dirt. This principle has been used for years in removing grain
from ships, sawdust from machinery, and ashes from ash pits.
It is interesting to note that the process was first used for lifting
much heavier amounts of material than arc lifted in house
cleaning. One of the problems in adapting the principle to
vacuum cleaners was to build a machince which would get prac-
tically all of the dirt — thoroughness of cleaning was the impor-
tant point, rather than the mass of material moved.

The general methods of assembling the essential parts of a
vacuum cleancr are shown in Figures 6.17, 6.18, and 6.19. These
parts include the motor, the fan, the dust bag, and the nozzle.
Some machines depend entirely upon the rush of air through the
nap of the carpet to do the cleaning. Other machines have brushes
to aid in moving the nap and loosening the dirt. In cleaners of the
types shown in Figures 6.18 and 6.19 the brushes are always
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stationary, but in cleaners of the type shown in Figure 6.17 the
brushes may be either stationary or revolving. However, they are
usually connected by a belt to the drive shaft of the motor and
consequently revolve rapidly when the motor is running.

Fig. 6.17. Showing the main parts of  Fig. 6.18. Showing the main parts of
an upright-type vacuum cleaner. a cylinder-type vacuum cleaner.

The material and the weave of the bag are important. If the
weave is too open, dirt cscapes with the airy and if it is too tight,
the air docs not escape casily and a back pressure develops which
decreases the cfficiency of the machine. The bag should be emp-
tied often. It is not made large in order to hold a large amount of
dirt, but to provide a large filtering arca. If the bag has consider-
able dirt in it, the filtering arca is reduced and the incoming air
has to pass through the accumulated dirt, which reduces the effi-
ciency of the cleaner. Merely
emptying the bag is not
cnough; it should be turned
wrong side out and brushed

or clcaned with the cleaner . PAPER
—pus

attachments, because the FAN— JC%Q:\‘) Bust 646

pores of the cloth become MOTOR - :ﬂ Lok

filled with dirt and lint, and FILTER
ravelings collect on the inner
surface, and thus the air can-
not cscape at the normal
rate. Fig. 6.19. Showing the main parts of a
At the present time many canister-type vacuum cleaner.

cleaners are equipped with

disposable paper bags. This climinates the unpleasant task of
cmptying the bag, but the problem of making a paper bag that

NOZZLE
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will keep the dirt in and let the air out has not been entirely
solved. Also some operators let too much dirt accumulate in the
bag before it is discarded, and this reduces the efficiency of
the machine.

The operator should be careful not to pick up sharp-pointed
objects, such as hairpins and tacks, because they may nick the

[ ——

ﬂ CLEANING TOOL

[ T

SUCTION PIPE

BASEBOARD OUTLET

O~ o

MOTOR, FAN & DUST CONTAINER

Fig. 6.20. A permanently installed vacuum-cleaning system.

fan blades or puncture the bag. If the machine is to be oiled by
the operator, directions arc furnished with the machine; but
now most machines have the bearings sealed in oil and a periodic
checkup and oiling by a service man is all that is necessary.

A permanently installed system of vacuum cleaning is espe-
cially satisfactory for large buildings, such as hotels, office
buildings, hospitals, and libraries. The White House in Washing-
ton, D.C,, is equipped with this type of cleaning system. In a
permanent installation the motor and fan are installed in a cabi-
net in the basement, and tubes lead from this cabinet to the
various rooms in the building where they are closed with tight-
fitting caps. When a room is to be cleaned, a flexible tube,
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equipped with suitable metal extensions and a nozzle or a brush,
is attached to one of these openings and the motor is then turned
on by means of a conveniently located switch. The dirt is carried
to the basement and deposited in a dust trap which is connected
to the sewer.

L
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12.

13.

14.

15.

STUDY QUESTIONS

Why are gases more compressible than liquids?

Why do liquids exert sidewise forces?

Name several practical applications of Pascal’s law.

If you travel up a mountain with a barometer, will its reading
increase or decrease?

. Why does an aviator need an aneroid barometer on his instrument

panel?

What causes surface tension?

Name several instances in which surface tension is of importance
in baking.

How is a gauge pressure changed to the corresponding absolute
pressure?

Are gauge or absolute pressures used in Boyle’s law?

Which is the better choice for measuring a high pressure — an open
or a closed manometer?

What will happen if a small hole is made in the top of a siphon
while it is operating?

How is the pressure reduced to less than atmospheric pressure in
the nozzle of a vacuum cleaner?

What factors must be considered in choosing the cloth from which
to make the dust bags for vacuum cleaners?

What arc the advantages and disadvantages of paper bags for
vacuum cleaners?

What are the advantages of a permanently installed vacuum
cleaning system?

PROBLEMS

. If olive oil fills a beaker to a depth of 5 centimeters, what is the

pressure on the bottom of the heaker? Ans. 4.6 g per sq cm

. If a beaker is filled with mercury to a depth of 10 inches, what is

the pressure on the bottom of the beaker?

If a hot-water tank is 4 feet high and full of water, what is the pres-
sure on the bottom? What is the average pressure on the side walls?
What is the force on the bottom of the tank if the area is 2 square
feet? Ans. 249.6 1b per sq ft; 124.8 Ib per sq ft; 499.2 Ib
If the water in a swimming pool is 10 feet deep, what is the pressure
on the bottom of the pool? What is the average pressure on the sides
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of the pool? If the pool is 30 by 50 feet, what is the force on the
bottom? What is the force on one end of the pool?
A force of 15 pounds is exerted on the small piston of a hydraulic
press, which has an arca of 2 square inches. If it is assumed that
there is no friction, how heavy a load may be lifted by the large
piston, which has an arca of 24 square inches? What is the mechan-
ical advantage of the press? If the small piston moves down
6 inches, how far will the large piston move up?
Ans. 180 1b; 12: 0.5 in.
If a 2000-pound load is to be lifted with a hydraulic press which is
80 per cent cfficient, what force will be required? The area of the
large piston is 40 square inches and the arca of the small piston is
12 square inches.
If the barometer reads 28 inches of mercury, find the pressure of
the air in pounds per square inch. I'ind the cquivalent water
column. What will the barometer read in centimeters of mercury?
Ans. 13.72 1 per sq in.: 31.7 ft: 71.12 cm
If the barometer reads 73 centimeters of mercury, find the equiva-
lent number of inches of mercury. Find the equivalent number of
feet of water. Find the air pressure in pounds per squarce inch.
Change a gauge reading of 10 pounds per square inch to the cor-
responding absolute pressure., Ans. 25 1b per sq in.
Change an absolute pressure of 20 pounds per square inch to the
corresponding gauge reading.
If 400 cubic feet of gas at a pressure of 28 inches of mercury are
allowed to expand to 600 cubic feet, what is the new pressure?
Ans. 18.7 in. of Hg
If 2000 cubic centimeters of gas at a pressure of 75 centimeters of
mercury are put under a pressure of 300 centimeters of mercury,
what will be the resulting volume?
When one side of an open manometer is attached to a gas outlet,
the difference between the water levels in the two sides is 8 inches.
What is the pressure of the gas in excess of the air pressure?
Ans. 0.288 1h per sq in.
When a given vacuum-cleancer nozzle is attached to one end of an
open manometer, the difference between the water levels in the
two sides is 15 inches. What is the decrease in pressure caused by the
cleaner?
If a tirc is flat, how many cubic feet of air at normal pressure must
be pumped into the tire to cause the gauge to read 28 pounds per
square inch? The volume of the tire when it is pumped up is
1.5 cubic feet. How much does the air in the tire weigh?
Ans. 4.3 cu ft; 0.35 1b
If the gauge on an oxygen tank recads 25 pounds per square inch
and the volume of the tank is 2 cubic feet, how much space will
the oxygen occupy if it expands until the pressure is normal?



GAS SUPPLY FOR THE HOUSE

The gas used in the home may be cither natural or artificial
gas. In cither case, pressurc forces the gas through a piping
system which consists of main lines, branches, and housce service

Fig. 7.1. Gas pressure regulator. (Courtesy The Sprague Meter Company)

pipes. Coming [rom the mains into a building, the gas passes
through a pressurc regulator and from there to the gas meter
where it is measured. Then it goes to the various gas burners in
the house.

40. The Pressure Regula-
tor. Asindicated in Figure 7.2,
gas from the scrvice pipe
enters the regulator at the
inlet 7, passes through valve

, Fig. 7.2. Cross scction of a gas
I, and then out through O pressure regulator.

to the gas meter. The valve
7 is controlled by the mechanism at the left. L is a lcather

diaphragm which separates this compartment into two parts.
77
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An iron weight W rests on this diaphragm but is partially sup-
ported by the spring S. As gas enters through the valve V' it
fills the space below the leather diaphragm and, as the pressure
increases, the diaphragm L and the weight W are raised. This
mechanism is attached to the left end of the lever ab which is
pivoted at ¢. This action partially or entirely closes the valve V
and thus decrcases the rate at which gas may enter. As a result
the pressure under L dccrcases and the weight 117 pushes the dia-
: phragm down again. Thus the
pressure of the gas leaving the
regulator at O is held constant.
Except when sudden changes in
pressure occur in the supply line
or when gas appliances are turned
on or off in the housc, there is
very little motion in the mechan-
ism of the pressure regulator.
The upper side of the diaphragm
is exposed to atmospheric pres-
sure through the pipe .. If the
regulator is installed in the house,
this pipe extends out through the
wall or foundation so that the
. small amount of gas which may
Fig. 7.3. A gas meter. (Courtesy diffuse through the diaphragm

The Sprague Meter Company) i1 ¢ cscape in the house.

41. The Gas Meter. A gas meter is a mechanical device
which is operated by the pressure of the gas passing through it
and which mecasures the number of cubic feet of gas passing
through it. The mecter receives the gas from the pressure regu-
lator and delivers it to the pipes which distribute it to the
burners. The meter contains four gas compartments with flex-
ible walls. (See Fig. 7.5.) Gas enters at C, and flows into B
and B’ and expands these compartments. At the same time gas
is expelled from .1 and A into O, which connects to the pipe
leading away from the meter. The motions of these walls oper-
ate levers which move the sliding valves I and V’ to the positions
shown in Figure 7.5b. Then A4 and A’ fill and B and B’ empty.
In order to maintain a constant flow one pair of compartments
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fills as the other pair empties. The mechanism which operates
the valves 17 and V' also operates a set of geared wheels which
in turn operate the pointers on the dials of the meter.

Fig. 7.4. Interior of a gas meter. (Courtesy Pittsburgh
Equitable Meter Company)

42. Gas Meter Readings. On some of the dials the aumbers
read clockwise and on others counterclockwise. This is due to
the motion of the geared wheels — when one is driven clockwise
the next is driven counterclockwise, the next clockwise, and so
on for as many wheels as are geared together. When onc pointer
has made a complete revolution, the pointer on the next dial
has moved from one number to the next; that is, 10 revolutions
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on one dial result in one revolution on the next. Sometimes it is
difficult to tell whether a hand is just reaching a certain number
or has just passed it. This reading can always be determined by
noting the next dial to the right. Therefore it is usually a saving
in time to read the dials from the right to the left. The number
below the dial is the number of cubic feet which it records for
onc complete revolution. In Figure 7.6 the reading is 13,100
cubic feet for the first set of dials. (Record the readings for the

Fig. 7.5. Diagrammatic cross scction of a gas meter.

other scts.) The 1-cubic-foot dial is for calibration purposes only.
Some meters have a recording device like the mileage indicator
on a car which gives the reading directly.

The difference between two consecutive readings is the num-
ber of cubic feet of gas used during the intervening time. For
example, if on January 1, the reading is 168,000 cubic feet and
on February 1, it is 187,000 cubic feet, the difference is 19,000
cubic feet. If gas is sold at $1.00 per thousand cubic feet, the
bill for the month would be $19.00. In many cities there is a
lower rate for all gas used above a certain amount. The rate
might be $1.00 per thousand cubic feet for the first thousand
and only $0.50 per thousand for all above that amount. There is
usually a minimum charge for each month, no matter how little
gas is used during that month.

43. Gas Burners. A common type of gas burner is shown in
Figure 7.7. The gas enters the burner through a small orifice
at a speed of from 100 to 150 feet per second. This rapidly mov-
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ing stream of gas carries air with it into the mixing tube and,
because of atmospheric pressure, more air is forced in through
the air shutter. The amount of air which mixes with the gas in

1,000 100,000
READING 1S 13,100

1,000 100,000
Fig. 7.6. Gas meter dials.

the mixing tube may be regulated by changing the size of the
opening in the air shutter, and the flow of gas may be regulated
by adjusting the size of the gas orifice. The air which mixes
with the gas in the mixing tube is known as primary air. This

PRIMARY AIR
B SHUTTER SECONDARY AR
eNTeRS OUTER CONES() @ @) PURFLE

7/

GAS ORICE Ew

GAS ENTERS

HERE MIXING TUBE

Fig. 7.7. A gas burncr.
air and gas mixture will not burn until it is supplied with more

oxygen, but the air which surrounds the burner supplies the
required oxygen and is known as secondary air. When the ratio
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of gas to air is properly adjusted, the gas flame consists of two cones
— an inner green onc and an outer purple one. (See Fig. 7.7.)

Most gas-stove burners are lighted from a pilot light centrally
located with respect to the surface burners. When a burner is
turned on, gas travels from the burner through a tiny tube to the
pilot light where it is ignited. The flame travels back through
the tube and ignites the burner.

If the burner is to be lighted with a match, one should turn the
gas on and then hold the lighted match near the burner. If the
lighted match is held near the burner before it is turned on,
the burner may “pop” or “flash back” because the burner is full
of air when the gas is turned on, and the ratio of air to gas is too
great. The flame travels back from the openings in the burner
faster than the mixture of gas and air travels toward the burner,
and combustion takes place in the mixing tube with a roaring
noise; and, since there is not enough air for complete combustion,
poisonous carbon monoxide is produced.

A very high flame rising above the grate indicates too much
gas. A sputtering, roaring flame indicates too much air. A flame
with a yellow tip indicates too little air. When the flame burns
with the purple cones just rcaching the bottom of the cooking
utensil, the gas is being burned cfficiently.

To change the amount of air entering through the air shutter,
loosen the screw which holds the shutter in place, rotate the

shutter the desired

j S amount, and then
A e tighten the screw.
87 A IR -
- > Figure 7.7a shows a
YT —— . [
- T cross section of a gas
APV, valve. To increase

the flow of gas. loosen

Fig. 7.7a. A cross section of a gas valve. the cap € a trifle; and

to decrcase the flow,

tighten C. Once adjusted, no further change should be necessary.

An oven burner has a mixing tube similar to that of a surface

unit. The oven pilot light burns constantly after the oven burner

is lighted. If the oven burner goes out accidentally or is turned

out by the oven thermostat, the pilot light will relight the gas
and thus prevent an explosion.
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44. Gas Oven Thermostats. There are two general types of
thermostats for gas ovens. One is known as a liquid temperaturc
rontrol and the other is gencrally referred to as a rod-and-tube
control. They differ chiefly in the device which is placed in the
oven to respond to the temperature.

The principal parts of the liquid temperature control arc
shown diagrammatically in Figure 7.8. The tube 7, which is
located in the oven, and the cylinder L arc filled with a liquid.
As the temperature in the oven increases, the liquid in 7 expands

T D I T S\A = N
( L AR, =F ]
{ i Hw R H
CRE! CamiE
—_T0 OVEN BURNER | T0 OVEN BURNER
¢ c
v v
TO PILOT LIGHT 10 PILOT LIGHT
I I 1
tGAS ENTERS 1GAS ENTERS
HERE HERE
Fig. 7.8. A liquid thermostat. Fig. 7.9. A rod-and-tube thermostat.

and the resulting pressurce is transmitted by the liquid to the
flexible diaphragm D, which cxerts a force on the lever ABCG
at A The fulcrum of the lever is at B; consequently when A is
forced to the right, C is moved to the left, thus partially or cn-
tirely closing the gas valve V. As a result the oven cools, the
pressure of the liquid decreases, and the force acting on A is
reduced. A spring in the mechanism of the valve V' causes it to
open whenever the force at 4 is decrcased. Thus the tempera-
tnve in the oven controls the flow of gas to the oven burner.
The temperature to be maintained in the oven is determined
by setting the tempcrature wheel W, which is really the head of a
screw, the tip of which serves as the fulcrum for the lever ABC.
A slight change in the position of the fulcrum at B changes the
force required at 4 to open or close the gas valve. This change of
force results of course from a change of temperature in the oven.
The rod-and-tube control is shown in Figure 7.9. The tem-
perature wheel W, the lever ABC, the valve V, and the outlet
to the oven burner are similar to Figure 7.8, but the device for
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changing the pressure at 4 differs. The porcelain rod R is en-
closed in a copper tube 7 which is fastened to the oven wall
at the right. As the temperature of the oven increases, the copper
tube increases in length with the free end moving to the left.
A spring S kecps the porcclain rod R pushed to the left as far as
possible. Conscquently as the oven temperature increases, the
pressure of R at A decreases. A spring in the mechanism of the
gas valve V closes the gas valve as the pressure at A decreases.
Consequently the gas supply to the oven is decreased; then the
oven cools slightly, the copper tube contracts, R is moved to the
right and exerts morc force on A4, which causes the gas valve
to open again. This type of temperature control is now used
chicfly on heavy-duty equipment.

It is intcresting to note that in Figure 7.8 when the tempera-
ture in the oven increases, A is moved to the right while in Fig-
ure 7.9 when the temperature of the oven increases, 4 is moved
to the left. Conscquently the details of the valve V' are slightly

different.
STUDY QUESTIONS

1. What is the purpose of the gas regulator?

2. Who is responsible for making any needed adjustments on the gas
regulator, the gas meter, or the burner in a gas furnace — the
consumner or the gas company?

3. What is mcant by primary and secondary air in connection with

a gas burner?

. What makes a gas burner pop or flash back?

. How may a gas burner be adjusted to sccure the proper mixture

of gas and air?

. Describe an ideal gas flame.

. Why should a gas oven be equipped with a pilot light?

. Explain the liquid temperature control for a gas oven.

Explain the rod-and-tube temperature control for a gas oven.

G

O ONS

PROBLEMS

Dk
.

If on November 1 the gas meter rcads 24,300 cubic feet and on
Deccember 1 it reads 29,900 cubic feet, what is the gas bill for the
month of November according to the following schedule?

First 1000 cu ft . . . . . $1.00

All over 1000 cuft . . . . 0.50 perM dns. $3.30
2. If on February 1 the gas meter rcads 37,600 cubic feet and on
March 1 it reads 56,300 cubic feet, what is the gas bill for the
month of February according to the above schedule?



HOUSEHOLD WATER SUPPLY AND
SEWAGE DISPOSAL

Water is so essential to our comfort and health that too much
care cannot be devoted to the maintenance of a pure, adequate,
and inexpensive supply. Primitive man placed his home necar a
spring or a river, and depended upon it to supply his neecds.
Later he learned that a better and more dependable supply
might be obtained by digging wells. Ancient wells were usually
made in the form of a tunncl, the descent to the water level
being by steps. Later the wells were dug vertically and buckets
were lowered into the water and then lifted out by hand or by
means of a wheel and axle. Naturally, most of these wells made
usc of water supplics as ncar the surface of the earth as possible;
conscquently the water was casily contaminated, and during
dry seasons the supply was soon cxhausted. The invention of the
pump was a dccided advance. When better pumps were built,
and people came to understand their operation more fully,
deeper sources of water were used.

In order to secure an abundant supply of good water, it is
often necessary to bring water from a long distance to the point
where it is to bec used. While water systems are considercd a
modern invention, many of the ancient cities had rather clabo-
rate systems for furnishing an adequate water supply — water
was brougkt in open ditches or aqueducts from great distances,
carried through the streets, and piped into the homes. Our pres-
ent idea of a central water plant for a community, though not
a modern one, has been developed until the service is highly
satisfactory.

If the water can be obtained from mountain lakes or from

deep wells, it will need very little purification, but if it is obtained
85
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from shallow wells or from a river which passes through densely
populated arcas, it may have to be cleaned and purified before
it can be used. Often it is pumped into scttling basins, where
the dirt settles out, and then it is transferred to other basins
where it is acrated, sunned, and treated with chlorine and other
chemicals. Sometimes it contains such large quantities of min-
erals that it has to be “softened” — that is, trecated with chemi-
cals to remove these materials before it is satisfactory for use by
the community.

45. Pumps. Onc of the oldest houschold conveniences is the
lift pump — it is known to have been in use mn the days of

.
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Fig. 8.1. A diagrammatic cross section of a lift pump.

Aristotlc about 350 B.c. A simple lift pump consists of a cylinder,
a piston, a piston rod, a handle, and two valves — one valve in
the piston and another at the bottom of the cylinder where the
pipe leading from the water supply enters the cylinder. These
valves open upward when the pressure below the valve is greater
than that on the top, but if the pressure on the top of the valve
is greater than that below, the valve closes. The piston fits the
wall of the cylinder tightly because the leather ring, which is
placed around the metal part of the piston, swells slightly when
it is wet.

Suppose the handle of the pump in Figure 8.1 is being raised.
This results in lowering the piston P and tends to increase the
pressure in the cylinder below P. The increased pressure will
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close valve B tightly, but open valve 4 and the air in the cylinder
will pass through it. When the handle is lowered, the piston is
raised. This tends to decrcase the pressure in the cylinder below
P to less than atmospheric pressurc. Therefore valve A will close
because of the greater pressure on top of it, and valve B will
open because the pressure on top of it is less than the pressure
in pipe D, which is equal to the atmospheric pressure on the
surface of the water in the well. Possibly, for several strokes, air
only will pass through the valves, but soon water will enter the
cylinder through valve B. Then on the downstroke of the piston
the water will be trapped by B and will pass through A. The
water will be lifted by the piston on its upstroke and forced out
through the spout.

Since the pressure of the air is equivalent to that of a column
of water 34 f{cet high, this pump could theoretically — il the
piston fitted perfectly — be placed 34 feet above the surface of
the water supply. Actually, lift pumps are seldom placed more
than 20 fect above the water level because the pistons do not
fit perfectly. If the pump has not been used for some time, the
leather around the piston may have dried until it does ot fit
the cylinder closely cnough to make the pump operate. If so,
the pump must be primed; that is, water must be poured in at
the top to complete the scal between the piston and the cylinder
wall.

If the water is more than about 20 fect (thcorctically 34 feet)
below the place where the pump is to be located the cylinder,
insccad of being placed in the pump standard, is placed ncar or
even in the water, and a long delivery pipe connects the cylinder
with the pump standard and the spout. The piston rod moves
up and down in this pipe and the water is lifted mechanically,
from the cylinder to the spout, by the piston on its upstroke.

If the water is to be used at a level above the pump, a force
pump must be used. A force pump may be madc just like a lift
pump except that it is closed at the top with a packing so that
water can be forced up a delivery pipe to a level above the
pump. Of course as the distance to this level increases, the force
required to operate the pump increases.

Another type of force pump has no valve in the piston, but
instead there is a valve in the discharge pipe which opens out
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of the lower part of the cylinder below the piston. (See Fig. 8.2.)
On the upstroke of the piston, water enters the cylinder through
valve B as in the lift pump, but on the downstroke the water is
forced out valve 4 into the
air chamber C and into the
delivery pipe E. The air
chamber helps to furnish a
steadier stream of water,
because the air in C is com-
pressed as the piston forces
—— water through valve 4 —
_— =5 then, when no water is com-
ing through 4, this air ex-
pands and forces the water
in Cup E.
== 46. Water Supply for
- an Individual House.
Water for an individual
house may be piped from a
lake or a stream which is at a level higher than the house, or it
may be pumped from a lower level. Sometimes it is pumped
into an elevated tank or reservoir from which it flows by gravity
to the house. Sometimes it is
pumped into a pneumatic pres- Youse
sure tank where it is stored until |
nceded, and then it is forced by  § AR "RESSURE GAUGE
the compressed air in the tank to P
the place where it is to be used.
The pressure on the water in
the tank may be computed by
means of Boyle’s law. For ex-
ample, if it is assumed that the
tank is full of air at normal atmos-
pheric pressure before the water ) )
. . . Fig. 8.3. A pneumatic pressure
is pumped in, and then water is tank.
pumped in until the volume of
the air has been reduced to one-third of the original amount the
resulting absolute pressure will be three times the original pres-
sure of one atmosphere or 3 X 15 = 45 pounds per square inch.

THIHE

||l|’ljlu|lll|l;“|

Fig. 8.2. A diagrammatic cross section
of a force pump.

WATER LEVEL GAUGE

FROM WATER SOURCE
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The gauge pressure will be equal to two times the atmospheric
pressure or 2 X 15 = 30 pounds per square inch. (It will be
recalled that absolute pressure minus atmospheric pressure equals
gauge pressure.) Also since one atmosphere of pressure is equiva-
lent to that of a column of water 34 feet high the pressure in the
tank in this case has been increased enough to force water to a
point 2 X 34 = 68 feet above the level of the water in the tank.

47. Water Supply for a Community. In gencral there are
two methods of providing water under pressure to groups of
homes — the gravity system and the direct-pressure system. The
gravity system provides pressure by using water from a supply

)

PUMPING
STATION

A2\
are worT [ f|" "

I
STREET MAIN

Fig. 8.4. Cross section of a water sysicm for a community.

stored at a level higher than the houses. The water may be
pumped from a lake or a running stream, or it may be pumped
into an elevated reservoir from which it flows by gravity to the
various houses. The direct-pressurc system is used where con-
ditions are not adapted to the gravity system. After the water has
been cleaned and purified it is pumped directly into the mains,
and the engines or motors which drive the pumps are equipped
with automatic regulators controlled by the water pressure in the
mains. Enough pumps must be installed so that the pressure can
be maintained during periods when extra amounts of water are
used — during fires or during hot, dry seasons. A combination
system provides both for direct pumping and for a stored supply.
The direct pumping takes care of the average demand and the
elevated reservoirs furnish a uniform pressure and a reserve sup-
ply for periods when larger amounts are needed.

Regardless of the method of providing the water, it is distributed
about town through pipes with branches leading to the houses.
These pipes must be placed underground below the frost line. At
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the curb there is a cutoff valve which is used by the water com-
pany employees to turn the water off or on for a particular house.
Inside the house is a cutoff valve by means of which the occu-
pant of the house may turn off the water if the house is not to be
occupied for some time, or if repairs are to be made on the water
system within the house. Sometimes this valve is a cutoff drain
valve (sce Fig. 8.9¢) so that the water can be cut off and all of
the water pipes drained, or the drain valve may be at some other
point in the system. (The individual fixtures in the house may be
i s L . provided with cutoff valves
also, so that repairs may be
made without cutting off the
water from the whole house.)
After the water passes
through the cutoff valve it
goes through the water meter
where it is mcasured, unless
the system docs not use
meters. Occasionally where
an abundant supply is fur-
- nished by the gravity method
it is cheaper to arrange a
monthly or yearly rate for
- cach home, based on the size
Fig. 8.5. A water meter. (Courtesy of the house, the number of
Neptune Meter Company) )
persons in the house, or the
size of the lot, and the consumer is permitted to use all the
water he wants. This plan saves the cost of installing the meter
and the expense of monthly or quarterly readings. It encourages
the use of plenty of water, but it also encourages the waste of
water; if the supply is over-abundant, this does not matter, as
the water would otherwise overflow at the reservoir, but if the
water has to be pumped, the only equitable method of distribut-
ing the cost among the consumers is to measure the water and
charge according to the amount used. The rate is usually named
at a given amount per thousand gallons or per thousand cubic
feet, and usually there is a sliding scale, such as was explained ir.
connection with gas bills.

R
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48. The Water Meter. A disk type of water meter consists
of a chamber with inlet and outlet openings, within which is a
disk which is moved by the pressure of the water as it passes
through. The disk does not rotate but goes through a motion
similar to that which a wagon wheel would
have if it were placed horizontally on the
ground, and someone walked around the rim.

This procedure would cause the hub to “nod.”

First, water from the inlet enters on top of the  Fig. 8.6. The
disk and the pressure of the water causes it to “hodding™ wheel
begin this nutating (nodding) motion, and then, of the water meter.
as the opposite side of the disk is pushed down, water enters below
the disk and the motion continucs. When water enters above the
disk the water below the disk is forced out, and when it enters
below the disk the water above the disk is forced out. A spindle

=
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Fig. 8.7. Water supply pipes for a house.
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fastened to the hub of the disk causes a small cogwheel to rotate,
and this is geared to other wheels which move the pointers on
the dials. The method of reading the dials has been explained in
connection with gas meters. The small dial marked “1 cu ft,” is.
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for use in testing the accuracy of the meters. Water is allowed to
run from a faucet while the meter registers “1 cu ft,”” and this
water is carefully measured in a cubic foot container. All meters
should be tested when installed, and may be rechecked whenever
the consumer thinks the meter is inaccurate.

49. Distribution of Water in the House. The term “plun:b-
ing” is used to include all pipes and fixtures that carry water into
the house and rcmove waste

{ }. material from the house in the
5 It vor form of sewage. Rough plumb-
3 TR e ing includes all the pipes which
uPPER { < should be inside the walls or
HEATING | Sm— y between the floors, and which
| 'E should be installed while the
3&_ N house is being constructed, after
f:ﬂb ¢ the studding and joists arc in
X N place, but before the plaster is
4 , put on and the floors arc laid.
:1 1 The three chief rooms in a
e Ki@ ) house to be supplied with water
coiL § 3 s arc the laundry, the kitchen,
,, :\ and the bathroom. (If the house
7 K cow  is heated with hot water or
a-—-ﬂ_ WATER IN h‘ h‘ .n”_ Svste .’
A stcam, the heating system is
1 also connccted with the plumb-

Fig. 8.8. A hot water un.lk with elec- ing system.) There should al-

tric heating coils. ways be provision for supplying
hot water as well as cold water in the laundry, kitchen, and
bathroom.

A supply of hot water is provided by means of a hot water tank,
which may be heated by either gas or clectricity. Figure 8.8
shows a cross section of an electrically heated tank. Cold water
enters at the bottom and hot water leaves at the top. The heating
unit is controlled by a thermostat.

50. Faucets. The internal construction of an ordinary com-
pression faucet is shown in Figure 8.9a. When the handle is
turned to close the faucet a screw forces the disk A, which is faced
with a fiber washer B, against a circular opening or seat C. This
shuts off the water. When the handle is turned to open the faucet
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+he disk is raised, making an opecning for the water to pass
hrough. There are two simple repairs which may sometimes be
necessary. The fiber washer B or the packing D around the
handle may wear out; replacements for cither may be bought for
a few cents. When the faucet is to be repaired the water supply is
shut off, the screw cap E is removed with a suitable wrench, the
valve stem is screwed out, and the old washer B is replaced with
a new onec. If the packing D is to be replaced the screw in the

a. COMPRESSION FAUCET b. GROUND KEY FAUCET

c. CUTOFF DRAIN VALVE
Fig. 8.9. Faucets and a cutoff drain valve.

top of the handle is taken out, the handle is removed, and the
valve stem separated from the cap E. A new packing D is put in
place and then the faucet is rcassembled.

In the ground-key type of faucet shown in Figure 8.9b there
is a tapered key A which fits into an opening in part B. These
parts are ground into place with emery and must fit tightly or
the faucet will leak. There is a slot in the key which allows he
water to flow through when the handle is turned to the proper
position. As the faucet wears, the screw C is adjusted to kecp the
joint tight; the joint may be reground if the adjustment of the
screw does not stop the leak.
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Sclf-closing fauccts are often used to prevent the waste of water
where it may be left running because of carelessness. When the
handles of the sclf-closing faucet are squeczed together, the valve
is lifted from its seat and a spring is compressed. When the handle
is released, the spring pushes the valve back in place.

A cutoff valve is often placed in a pipe in order that the flow
of water through it may be stopped or started at will. It may be a
cutofl drain valve of the type shown in Figure 8.9c. This valve
will cut off the supply and drain the water from the pipe on the
delivery side.

51. Removal of Waste Water from the House. At each place
where a water supply is provided in the home, provision is made

N
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Fig. 8.10. Scwage pipes for a house.

also for removing wastc water. As shown in Figure 8.10, the
laundry tubs, kitchen sink, lavatories, bathtubs, and closets are
connected by pipes to the main stack or soil pipe SP which is the
large vertical pipe extending from below the basement floor to a
point above the roof. At its lower end it joins the drain pipe which
lcads out to the street sewer SS.

At each place in the house where waste water is to be removed
a trap is provided to prevent the escape of sewer gas into the
house. One type of trap is an S-shaped tube with one arm of the
S connccted to the source of impure water and the other arm
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connected to the waste pipe leading to the soil pipe. From the
diagram it may be seen that one bend of the S is filled with water
which forms a seal and prevents sewer gas from rising through
the pipes into the house. If the trap is made to connect through
the wall instead of through the floor it is known as a P-trap.
S- and P-traps are used on waste pipes from laundry tubs,
kitchen sinks, and lavatorics. If onc of thesc traps becomes
clogged with sediment and
grease it may be cleancd by
removing the screw plug in
the lower bend of the trap.
The cellar drain may be
provided with a trap similar
to the one shown in Fig-
ure 8.11. Bathtubs arc usu-
ally provided with drum ]
traps. The trap for the water e N _ \
closet is built into the bowl —
of the closet.

In order to prevent the CELLAR TRAP RN Tw
loss of the water scal in the Fig. 8.11. Traps.
trap due to siphon action
it is sometimes necessary to use a vent pipe; this is a pipe
connected to the waste-pipe side of the trap, through which
air at atmospheric pressure may cnter, thus preventing the
possibility of siphonage. The vent pipes arc all connected to
a main vent pipe which is usually connected to the soil pipe
just below the point where it passes through the roof. The
vent pipes are shown with dotted lines in Figure 8.10. The cir-
culating air in the pipes also oxidizes the decomposing waste
material which adheres to the sides of the waste pipes. Any trap
may lose its seal through evaporation, and if a drain is used infre-
quently, it should have water poured into it occasionally. After a
house has been closed for some time, it is often found to contain
sewer gas unless a caretaker has filled the traps occasionally.

A garbage disposal unit is now an accepted part of the plumbing
system of a house. It is essentially a motor-driven grinding device
attached to the drain of the kitchen sink in place of the usual trap.
Its outlet is connected to the housc sewer pipe. (See Fig. 8.12.)

~——————
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Fruit and vegetable peelings, small bones, and other normal
kitchen wastes are dropped into the hopper and are ground into

Sink Flange Top Control

Outlet

Power Supply Flywheel

Fig. 8.12. A garbage disposal unit.
(Coourtesy Consumers® Rescarch, Inc.)
hollow rim, enters the bowl
through small holes distrib-
uted around the rim, and
thus cleans the sides of the
bowl. The greater part of
the water enters the bowl
through a small opening —
called the jet - - which is in
the lower part of the bowl.
This water starts the siphon
action, which empties the
bowl quickly. After the si-
phon action stops, enough
water runs into the bowl to
fill the trap.

small particles by being whirled
rapidly by the impeller blades
on the flywheel, and conse-
quently thrown out by centrif-
ugal force (force away from the
center) against the shredder
blades. Cold water running
through the unit while it is in
operation washes the ground
material down the waste outlet.

There are several types of
closets, but in general  the
siphon-jet shown in Figure 8.13
is considered
factory

most  satis-
it
quictly, has a large water sur-

the
because operates
face in the bowl, and hence is
casier to keep clean. When the
closet is flushed, water enters
cither from a flush tank or a
flush valve. A small part of
this water flows through the

. ——

Fig. 8.13. Cross section of a siphon-jet

closet. (Courtesy Kohler Co.)
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Fig. 8.14. A flush tank. (Courtesy Crane Co.)

The parts of the flush tank are shown in Figure 8.14. There
are two lever systems in its mechanism. One controls the inlet
valve by means of the float valve, and the other controls the outlet
by means of the handle on the outside of the tank and the hollow
rubber ball which fits into the outlet. Figure 8.14a shows the tank
filled with water. When the handle on the outside of the tank is
turned, the lever to which it is attached lifts the hollow rubber
ball which has closed the opening to the bowl, and the water
rushes into the bowl. Figure 8.14b shows the flush tank in the
process of discharging. As the last of the water leaves the tank,

Fig. 8.15. Plumbing fixtures for the bathroom. (Courtesy Crane C"i)



98 WATER SUPPLY AND SEWAGE DISPOSAL [Ch. 8

the hollow rubber ball which has been floating in the water just
above the outlet is sucked back into position. As the tank empties,
the hollow copper or plastic float valve is lowered and the inlet
valve at the other end of the lever is opened. The tank now
gradually refills, the float valve is lifted, the inlet valve is closed,
and the tank is ready for the next flushing action.

A flush valve may be used instead of a flush tank. 'T'he water
for the flushing action is not stored in the valve, as it is in the
flush tank, but enters dircctly from the source of supply when the
handle on the valve is tripped. The valve is so constructed that it
automatically closes after a suitable amount of water has passed
through the closet. Flush valves somctimes cannot be used in
homes because the water pressure is not high enough to make
them operate satisfactorily. The pressure may be too low either

Fig. 8.16. Plumbing fixtures for the kitchen. Water is supplied to the sink,
the dishwasher and the garbage disposal unit. (Courtesy General Electric
Company)

~
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because the pressure in the mains is too low or because the supply
pipes to the house are too small. They are often noisy in operation
also. Advantages of the flush valve over the flush tank are that
it takes less room and it cannot be opened and tampered with
by inexperienced persons.

52. Disposal of Sewage. In some localities sewage flows by
gravity to some point where it may be discharged — possibly
into a river. In other places, where the contour of the land is such
that sewage cannot be taken care of by gravity flow, pumps must

Fig. 8.17. Plumbing fixtures for the laundry include the automatic washer
and hot water tank. Note also the dryer and ironer. (Courtesy General Electric
Company)

be installed. Sewage is chiefly water, but it contains organic
matter. and it is a dangerous practice in denscly populated arcas
to discharge it on the surface of the carth or into a strcam. Discase
germs may be spread, and often epidemics of typhoid, dyscentery,
and infantile paralysis break out at successive towns down the
stream, leaving no doubt as to how the germs were transmitted.
If the towns are more scattered, the water may be purified before
it reaches the next town, because it is greatly diluted when it
mixes with the water in the strcam and the solid materials settle
to the bed of the stream and gradually decompose. Also, as the
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stream flows along, the water is exposed to the sunlight and the
air, and the organic matecrials arc gradually reduced to inorganic
materials. If a city does not empty its sewage into a stream or
lake, it must take care of it with an extensive sewage treatment
plant consisting of settling basins, digesters, and drying beds.

If the scwage from a house cannot be emptied into a central
sewage system, it may be emptied into a septic tank, which is a
tile or cement receptacle placed in the ground. The sewage enters
the first compartment at 4 and is acted on by anaerobic (without
air) bacteria. Here it is partly oxidized, and most of the solid
material is liquefied. Then it flows into the sccond compartment,
where the bacterial action is continued. The outlet of the septic
tank connects to a pipe which empties into a strcam or into an
absorption system.

LIPS LY T

Fig. 8.18. A septic tank.
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The absorption system is an area built up of layers of crushed
rock and gravel, and covered with a layer of sand. A tile dis-
tribution system is installed just below the surface as shown in
Figure 8.19. Here aerobic (with air) bacteria further oxidize the

— O

Fig. 8.19. A septic tank and absorption system.

material, and it is finally reduced to water and inorganic mate-
rial. As the scwage drains away, air circulates through the spaces
between the sand and gravel particles, and the aerobic bacteria
are resupplied with oxygen and are ready to attack the next flow
of sewage from the septic tank.
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PROBLEMS 101

STUDY QUESTIONS

Which valve in a lift pump is opcn when the piston is descending?
When the piston is ascending? Are both valves ever open at the
same time?

If the water level is 38 feet below the surface of the ground, what
kind of pump must be installed?

Name several agencies that help to purify water.

How may water under pressure be provided for country houses?
What are the methods of supplying water to groups of houses?
What are the advantages and disadvantages of cach method?
How docs a water meter measure the water which passes through it?
When should the rough plumbing be installed in a house?

Tell how to repair a compression faucet that drips.

What is wrong if the faucet leaks around the valve stem?

Where may cutoff drain valves be installed to advantage?

. What is the purpose of a trap?

Tell how a garbage disposal unit operates.

Why is a siphon-jet closet considered the best type?

What is wrong if the water continues to run from the flush tank
after the normal flushing period?

Does a flush valve have any advantages or disadvantages over a
flush tank?

What is the purpose of the soil pipe?

Why is the problem of sewage disposal being discussed so widely
at present?

Will the increase in the use of garbage disposal units increase the
sewage disposal problem?

What special sewage disposal problems exist in your community?
What is being done in your community to improve sewage disposal
methods?

What changes occur in sewage in the septic tank?

What changes occur in sewage in the absorption system?

PROBLEMS

If a pneumatic pressure tank which holds 40 gallons is full of air
at atmospheric pressure and then water is pumped in until the
air volume is reduced to 10 gallons, what is the absolute pressure
inside of the tank? What is the gauge pressure in the tank? How far
can water be forced up the delivery pipe?

Ans. 60 1b per sq in.; 45 Ib per sq in.; 102 ft
If a pressure tank which holds 80 gallons is full of air at atmospheric
pressure and then water is pumped in until the air volume is re-
duced to 20 gallons, what is the absolute pressure inside of the
tank? What is the gauge pressure in the tank? How far can water
be forced up the delivery pipe?
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In Prob. 1 above, what is the gauge reading after 15 gallons of
water have been drawn from the tank? Ans. 9 1b per sq in.
In Prob. 2 above, what is the gauge reading after 15 gallons of
water have been drawn from the tank?

How much pressure is required to force water from a tank in the
utility room to the bathroom on the second floor - a distance of
8 feet? Ans. 3.53 1b per sq in.
How much pressure is required to force water from a tank in the
basement to the bathroom on the second floor, which is 17 feet
above the tank?
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INTRODUCTION TO HEAT

In prehistoric times man accepted the sun and fire as sources
of heat and light. Instead of wondering about what caused heat,
he thought of the sun and of fire as gods; ‘‘sun worship” and
“fire worship” played an im