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Chapter 1 Getting Started

1.1 Introduction

Physics originated in antiquity; the Egyptians, ahians and Greeks gave us the: wedge,
inclined plane, hammer, pulley, and hydraulics.e Breek philosophers and mathematicians, in
particular, did much to lay the foundations of pgbgs In the Middle Ages, Aristotle's writings were
believed to be sacred and explain everything, bidtétle, while amazingly perceptive at times,
suffered from intellectual arrogance (hubris). &l many other Greeks of this time believed that
all truths came from their mind and harmonies (mo$the spheres). They frowned on the manual
labor of experiments to find what nature actuathgsl- not just what they thought it does. During
the Middle Ages, scientific thought, except posstnichitecture, was stagnant and it remained so
until Galileo pioneered the experimental method.

Theory and Experiment

Physics has two parts - theory and experiment h sapporting the other with the whole
greater than the sum of the parts. Experimentsigieathe final test of a theory. Any theory -
regardless of who originated it, including Einst@nust agree with nature as shown by experiments.
On the other hand, experiments do not show priasipf nature these must be deduced by theory.
Thus theory and experiment supporting other. Ugeabperimental observations are made, and a
theory is concocted to explain the results. Ralgtivas discovered by experiments which were
explained by Einstein and others. Similarly, Nawtteveloped the theory of gravity to explain
planetary motion. The exception for this order Waselectromagnetic wave theory predicted by
Maxwell many years before discovery by Heinrichtdsr experiments. He concluded conclusively
that light is a wave but he also discovered thagaectric effect which showed that light is also a
particle.

Repeatability
One requirement of physics is that experimentalltesmust be repeatable by any

experimenters - A requirement that excludes superalaand psychic phenomena.

Physics without Numbers?

Qualitative description of objects say’big” or tlg,”; “heavy” or “light.” For example, a
gualitative comparison says: “John is larger treanes.” A quantitative comparison is: “John is six
feet tall and weighs 150 pounds; James is fivedeanches tall and weighs 180 Ibs.” This shows
the ambiguity of a statement that John is largen thames. Even the statements:“John is taller than
James,” or “John is lighter than James,” do noteay much. Quantitative statements require units
to express the difference in weight. Numbers aatiag with properties makes precise comparisons
possible, but standards for reference are needed.
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However, there are some properties that are destheis

countable, other properties are continuous andatarecounted.
Numbers enables counting discrete objects. Fanplag sheep or
people may be easily counted but even in such sicgses, criteria ‘
must be established as to what constitutes antaiojé® counted.
For example, are lambs (Figure 1.1-1)to be couasesheep? If so,
is a pregnant ewe one or two sheep? Whenevertshjan beFig 1.1-1 Sheep as Naturally
counted there is no need to invent units, but sitclations form aDig.itiz.ed Entities

very limited part of human experierice

1.2 Units of Measure

Phenomena that are continuous are measured byimgequivalent units. Thus length is
measured by how many multiples of a foot (or sothersstandard of length) it takes to go from one
end to the other. Weight is measured by how mauypng@s (or some other standard of weight) are
required to balance that being measured. Fortlynatdy four units are needed to measure
everything. The units are: length, mass, time,@ratge. These are sufficient to characterize all
properties with a number. For example, space siadce is measured in units of feet or meters;
weight is in pounds or kilograms; time is in secgndnd charge is in Coulombs. These are
creations of man and not natural.

1.2.1 Length

R

The length of an object is characterized by its éwds, and‘\;zm AL
the number of units of length that must be placetite-end to filll
the space between the ends. The number and fradtibese units
defines the length in the units to make the measené. What
should be chosen for the unit? It should be coievenand RVZANAY
universally the same size. And what unit of lenggthmore,
convenient than the human body? 1 RN

The Egyptians in, 3000 BC, used the cubit, theadist from A L N
the elbow to the extended finger tips, as theit ahlength. The e N
standard was the master cubit (20.62 inches) whéshsubdivided  Fig. 1.2-1 Man is the
into a digit, the width of a finger, and even fatisubdivided. The Measure of All Things
accuracy of measurements using the cubit is attdstéts use in
measuring the thousands of stones for the Greanhigrat Gizeh resulting in the pyramid's sides

& Until recently it was believed that physical vales were continuous, i.e. having no
parts. Mass is obviously discrete, but quanturorhbolds that energy and related units are not
continuous on the atomic scale - they only seenfie toontinuous because the quantum units are
so small. Time, a creation of man seems to beroomis.
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being equal to an accuracy of 5 parts in 10,000.

The basic unit of length used by the Greeks wasfihger"; 16 fingers equaled one "foot"
and 24 fingers equaled one Egyptian cubit. Thrpgeats that the Greeks may have originally
obtained their length standard from the Egyptiafi$ie Roman system was adapted from the
human-based Greek system. The Roman pace (bothwie5 feet from which our mile (mille or
thousand) comes, hence the Roman mile was 1008 [(B@@0 feet we use 5280 feet).

The British system of measures was based on thggkdmensions. An inch was the length
of the King's thumb from knuckle to tip, a foot whe length of his foot and a yard was the length
from his nose to the finger tips of his outstretthem (Figure 1.2-1). These units of length were
standardized to not depend on the body of which kappened to be on the throne at that time, and
provided the fundamental units for the British spst When the U. S. was colonized, British units
were introduced into America and are still very mutuse - coexisting with the metric system that
is used primarily for science. Only two nationsd@se the metric system.

The Metric System

Measurements based on human dimensions resultbdas when different nations tried to
exchange products and information. Reform camE/BiL when the French National Assembly
appointed a commission of outstanding men to retbefrench system of weights and measures.
The system they produced is so simple, and soaldhat it has been near universally accepted

The chief concern of the commission was the unitkehgth and mass since the unit for time
is based on the rotational frequency of the edrttieed, the
earth was also chosen to provide the basis foultiieof North Pole
length by making the "meter" (meter means measuare),
decimal fraction of the earth's meridian - theatse from
the north pole to the equator. Eight years weensmn
determining the distance from Dunkirk to Barceldrtan
which the meridian distance was extrapolated.
December 10, 1799, the French Assembly adoptedéier
as one ten-millionth of the Earth's meridian (Fegr2-2).
It might be expected that such a clear and simydéem
would find universal use. But, even though the rioet
system was made compulsory in France, merchants
continued measuring by the "ell” until a more gent law Fig. 1.2-2 The Meter was Originally
was passed in 1837 that required compulsory udteof Defined as 1/10,000,000

10,000,008 meters

metric system. In 1864, Great Britain authorizegl use of of the Earth’s Meridian
the metric system followed by the U.S. in 1866 @edmany
in 1868.

While basing the unit of length on earth’s dimensichas a natural appeal, it is not very
practical because it cannot be carried about testea its length to secondary standards. In 1875,
20 nations met at the invitation of France to ds&hlthe International Bureau of Weights and
Measures and appoint a committee to produce a tevdad meter. They selected a length,
approximately the same as the original meter, toepeesented by a bar of platinum-iridium - a
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material whose dimensions change very little wethperature. However, for length constancy, the
meter was defined by the length of the bar at timstant temperature of an ice - water mixture. The
distance that represented one-ten-millionth ofEhgh's meridian defined as the meter was ruled
near the ends of the bar.

The U. S. received one of these meter bars forNagonal Bureau of Standards in
Washington D.C. Other bars were located at deggnapositories about the world and used until
this standard was replaced by optical standards.

The Meter Defined by Light Wavelengths
The standard meter bars were copied to make segostadards for use throughout a
country. These secondary standards was limiteat@uracy by their ruling accuracy and their
stability. In 1892, A.A. Michelson (the first Amean physicist to win the Nobel prize) determined
the standard meter to be 1,553,164. wavelengtiiseofed
line of cadmium (Figure 1.2-8) The International Solarsss- 1. 1= usvzienatns o ke cadmiun Lisht
Society accepted this equivalence to the meter9o7.1

However, this standard also was not perfectly axteudue to T & A EFTIIIIIL
line-broadening from cadmium's atoms having difiere Fig. 1.2-3 Light Wavelength
atomic weights (isotopes). In 1957, orange ligtunf and the Meter

. . . Light in Vacuum
mono-isotopic krypton, mass number 86 (86 timesithes e A AN @}K

of a hydrogen atom), was proposed for greater acgur

Dire  HETET
Distance Traveled in 1/299,792,458 Seconds

The Meter Determined by the Travel Time of Light Fig. 1.2-4 The Meter Defined by the
In October 1984, the General Conference of Weights vg|ocity of Light and Time
and Measures defined a meter as the length tralglikght
invacuum in 1/299,782,458 seconds (Figure 1.Refce this unitis ultimately determined in terms
of one of the other fundamental unit - time.

1.1.2 Time

Celestially-Based Time .5""
From time immemorial, .
celestial movements provided the “‘“““‘“ per day
bases for time. The earth makes one,,, ... Mosn Oné rotation about

ation about the Sun per year
the Earth per ~ 1 month

[ution i th ' - . . .
revoution In a day, the moon's exe Fig. 1.2-5 Time is based on the Solar system
cutes its orbit about the earth in . . .
month (~27.3 days), and the eart Day is the Time for the Earth to Rotate OncetsrAkis
' ' A Month is the Time for the Moon to Circle the Bart
A Year is the Time for the Earth to Circle the Sun

®When cadmium or other materials have electron®veuh (ionized), light is emitted at
characteristic, discrete wavelengths.
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orbits the sun in a yeafFigure 1.2-5).

Origin of Measures of Time SHBTES

In spite of the near- universal adoption of thermatystem
for everything, time remains measured in the sarag that the
ancient Babylonians measured time - the sexagesnuaber
system. They believed that the earth rotated ig@€stper year and
the moon executed 12 orbits about the earth iraawhich when
multiplied by the 5 planets known at this timey@®*12 = 60
which is 1/6th of 360 with numerological signifien Since these  Fig,
measures were concerned with rotation, it was abtoidivide the Water Clock
circle into 360 degrees.

A clock is a device that divides the celestial motinto more convenientzrT—T7+

man-size small time intervals. A early clock, edla “Clepstra” was actuated b
uniform water motion (Figure 1.2-6). Another deyithe sandglass, working on't g
compartments which today is used for timing boitmys (Figure 1.2-7). Th A

DRAIN

principles of the Clepstra, used fine sand in twealed, connected glas
sundial (Figure 1.2-8), valued today for its arjisindicated time by the position o

a pointer's shadow on the dial face - provided if@tSun is shining. —
Fig. 1.2-7
Quantifying a Location on the Earth Sandglass

Accurate time measurement was not needed for toafigayer or appoint-
ments. When man began to explore the world angjate/out of the sight
of land, very accurate time was needed to deternatieeide to avoid
running aground.

Navigational coordinates are like spherical cocaths (see Sectiog—+ =
1.4.4). Latitude is the angle between the equatdra location on a line ™=
parallel to the equator; longitude is the angleveen a line running from Fig. 1.2-8 Sundial
pole-to-pole that intersects Greenwich, England asdnilar line through a location of interest.
Latitude is naturally defined from the earth’s agfsrotation. There is no natural reference for

longitude; it was historically set at Greenwich.

¢ The term "period", applied to repeating phenomemzans the time required for
something to return to its starting place so yautdall one cycle from another. Periodicity
occurs in many things and provides a great singglifon of repeating phenomena, because when
one cycle is understood, all others are just répes of the same thing. An example of
periodicity is the bicycle wheel. Using the stesregposition identifier, once the wheel rotates a
revolution, the valve stem is back where it staréedl it looks as if it had not rotated at all. If
there were no valve stem, the wheel would only havetate four spokes to be a period
(depending on the stringing of the spokes). Mofrom one cycle to the next is undetectable.
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Latitude was Measured By the Ancient Greeks

Measuring latitude is not difficult. It was measdiby the ancient

Greek mariners using a plumb bob to define a linaé¢ center of the earth
and the angle between the plumb line and the N®tén (to which the
earth’s axis points) minus 9QFigure 1.2-9). This convention locates the
North Pole at 90 north latitude and the South Pole at $@uth latitude.
Latitude can also be measured by the angle bettheatirection of the sun
and a plumb using tabulated data, and the datectid the sun’s position.
Planets and stars can also be used to determig#udea using correction
tables.

Longitude is your position on the circle of latieudThe reference for Fig. 1.2-9 Latitude
zero longitude at Greenwich resulted from the Téthtury contest betweenfrom the North Star
England, Holland, France, Spain and Portugal forldvoaval mastery.

Under Henry VI, England achieved dominance andsm longitude to be a line from pole to pole
that passed through Greenwich, England, a suburtrafon, downstream on the Thames. Latitude
is measured west and east of this line, reachify & a line passing through western Siberia.
After establishing the reference, a much more fdabie

task remained to accurately measure the longitldimgle

with respect to this reference.

Time as the Method for Determining Latitude
Some unknown genius figured out that time is the
only way to determine longitude (Figure 1.2-10}.two
clocks were set to indicate 12:00 AM at Greenwidth the
sun directly overhead, called the meridian ("AMtigRM"  Fig. 1.2-10 Latitude from Local
stand for ante-meridian and post-meridian). If oteek  Clocks and the Sun as a Clock
were transported to Memphis TN, this clock wouldicate
6:00 PM (1800) when the sun was at the meridiacauee
this clock was calibrated at Greenwich. The reatben
Memphis clock indicates 1800 hours when the S ke
meridian is that Memphis is 9Qvest latitude from Green-
wich i.e. 90 about the earth from Greenwich (Figure 1.2-
11). Since the earth requires 24 hours to makeaaédon
on its axis, 1 hr = 36024 = 15, and 90/15°hr = 6 hr. Fig. 1.2-11 Time Difference from
Thus a sufficiently accurate, portable clock, imjomction Greenwich to Memphis
with the sun-clock, would solve the longitude peohl

Clock Accuracy Needed to Measure Longitude
To find the accuracy required for longitudinal ma&asnent, suppose a ship left Greenwich,
sailing west at an average speed of 3 miles per. hafter 28 days, the ship would be 2016 miles
from England. But suppose the ship's clock lost flbour during the time after leaving Greenwich
28 days ago. The parallel at Greenwich's 5hdrth latitude reduces the earth’s equatorial
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circumference of 24,903 miles to 19,462 miles. @&her is 1/(28*24) = 0.0015; the distance error
is 0.0015*19462 = 29.1 miles farther west than thasight - perhaps wrecked on the New Jersey
shore. Clearly, to use time for navigation -aretéhis no other way - it is necessary to measone ti
very accurately, over very long time periods.

The Search for Accurate Time at Sea
The problem was to devise a portable clock witthragcuracy. One approach, used the
moon as a clock in the sky, but required that reteis be trained mathematicians and perform
complex calculations based on precise moon sightivigle standing on a rolling deck. Because
of the moon's slowness in orbiting the earth, aoref five minutes in the moon’s position meant
a 2.5 error in longitude corresponding to an error o2 hTiles (at the equator).

Galileo Proposes the Moons of Jupiter as a Celé§tiack
A method proposed by Galileo, for which he was aedrthe Dutch Estates-General prize
was: "A Method for Determining Longitude by Semtdrate Navigators." Galileo’s method used
the moons of Jupiter, viewed by the telescope likaihvented, as a big clock in the sky. This
method is elegant, but observing these moons witeacope on a rolling deck was impractical.

Galileo Discovers the Pendulum as a Time Reference
The birth of Galileo Galilei (1564-1642) marks theginning of the advancement of physical
science from the stagnation that had existed fram&h times through the Middle Ages, and the
beginning of the experimental method. When Galikas nineteen, attending prayers at the
baptistery of the Cathedral of Pisa, in boredontirhed the swings of an altar lamp using his pulse,
but noticed that the period was the same, regardiethe amplitude of swirlg

The Pendulum Is the Key Time Reference

The improved accuracy using a pendulum, createxkd to divide time into smaller units.
The hour was divided into 60 parts called minutiest(©rder of minuteness). Minutes, inturn, were
subdivided into 60 parts called seconds (seconérafdminuteness).

Within three decades after the death of Galile®atlerage error of the best clocks had been
reduced from the previous error of 15 minutes @t 10 seconds per day. This was a major
advance but a clock, using a pendulum as the w@feeence, and weights for motive power, was
neither accurate enough nor practical enough feigation on a rolling ship.

A Marine Disaster Stimulates the Quest for Accuiidtee
The event that stimulated the search for an acgypattable, clock occurred in 1707 when
an English fleet foundered on the rocks of thellslands about 40 miles off of the southern coast

4 Later investigations showed that the periodhegitiepends on the amplitude of the
swing (as long as it is small) nor on the amounweight hanging from the pendulum, but only
on the length of the pendulum and acceleratiorrafity.
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of England. Down went the crew and officers. Temainent mathematicians, at a news conference,
declared the obvious, that the wreck would have la&eided if they had known where they were.
Parliament, in 1714 passed an act "Providing ai€luBReward for a Person or Persons as shall
discover the Longitude at Sea." The prize wagtaie of 2,000£ to support experiments with a
final award of 20,000£. Winning the prize was e¢dased impossible and as late as 1736, The
painter, Hogarth in “The Rake's Progress,” de@atsadhouse in which the inmates are trying to
discover the puzzle of longitude. The requirenfensuccess was a trip to the West Indies with a
round-trip error of less than 2 minutes of time.

Key Inventions by Clement, Hooke and Huygens

To achieve this accuracy, a number of evolutions in
clock technology were needed. Some major steps:wer
William Clement's invention of the anchor escapeimen
Robert Hooke's discovery of the properties of fing to
provide the motive power for a portable clock, and
Christiaan Huygens’ invention of the balance wheel
provide a time reference insensitive to the shigdlgng.

Harrison Wins the Prize

John Harrison, a self-taught Yorkshire carpentatr, b
a skilled and patient craftsman, won the prize wittlock
that compensated for the change in spring tenssothe
spring unwound and compensated for temperaturegelsan
that affect the balance wheel. In 1761, his matlet
(Figure 1.2-12) won the prize on a 9 week voyageidly ~ 1.2-12 Harrison’s #14 Prize-
losing 5 seconds (stability of 5/5,433,200 = 9.0E-7  Winning Chronometer
Although he won, he had trouble collecting everi pathe (courtesy of Greenwich Observatory
prize’.

The Pendulum Clock is Supplanted by Electronic K¥oc
The mechanical clock reigned supreme until the $980wvhich time a good pendulum clock
was accurate to 0.001 seconds per day (1 pareimondred million). Around this time, electronic
clocks came into use. These clocks are basedegnédhoelectric effect in quartz. The piezoelectri
effect causes a crystal to which voltage is apglechange shape. If a periodic voltage is applied
to the crystal near the mechanical resonant fregyuehthe crystal, the crystal will “lock-in” such

¢ Reneging on the part of governments is not unustiaé U.S. Congress spent the
Smithsonian grant before any construction began.
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that the electrical frequency equals the mechargsahant frequencdyBecause the quartz resonator

is very small, its resonant frequency is very Higtithe order of million Hertz (cycles per second),

necessitating electronic division to obtain freqties low enough for conventional units. The best
quartz-regulated clocks achieve accuracies of amoeipart in one-hundred billion (1.0E-11).

Atomic and Molecular Clocks

With the modern development of quantum mechartibegdame possible to use the ultimate
pieces of nature - the spectral lines from moleché&ams as time references. The first of these
guantum clocks was constructed in 1947 at the BuBeau of Standards using ammonia vapor.
Ammonia absorbs energy at a microwave frequendystaw enough that a electronic counter can
count the cycles. Similar clocks, using cesiunhiee accuracies of two parts in a trillion
(1.0E-12). Even more accurate, hydrogen clockisiese accuracies of one part in ten-trillion
(1.0E-13). With such high accuracy new problemsewgresented in relating atomic time to
astronomical time. In 1967 the General Conferamc@/eights and Measures defined a "second"
in the International System of Units (S| - Systdmternationale) to be 9,192,631,770 periods of
radiation of a particular transition in elementakicim, atomic weight 133. In 1970, the atomic
second was shorter than the mean solar secongddys3n one hundred-million. This required that
the length of the mean solar day, which had bee#0830000 mean solar seconds, be corrected to
86,400.0026 atomic seconds.

1.2.3 Mass
Weight and Mass

From earliest times, it has been known that a farcequired to accelerate a mass or to lift
aweight. Mass and weight are often confused aad interchangeably, but they are very different.
The dictionary defines "mass" as a measure of tia@tify of matter in a body, but this definition
is circular because “matter” has a vague but simmil@aning to “mass”. Mass is a property of an
object that requires a force to accelerate it. ghteis the force that acts on a mass in a grawitati
field. Comparing mass and weight, mass is the muor@amental property because mass does not
change in different gravitational fields. (An astaut has different weight on the moon and on the
earth, but the same mass.) Weight equals masgphaaltoy the acceleration of gravity (g = 980.66
m/s = 32.174 f/$ see Chapter 3).

Ancient Measures of Weight
The Egyptians used “kite” as a weight standarctviiaried from 4.5 to 30 grams at various
times. Even earlier, the Babylonians used a thadhweighing between 640 and 978 grams. The
mina was related to the Babylonian standard voluleined as a cubic hand width. The weight of
this volume filled with water was a mina. Otheci@mt middle-eastern people borrowed from the
Babylonians e.g. the Hebrew shekel was 1/60thmaha. The Greeks' weight standard, the “talent,”

" Such quartz crystal-regulated watches are nowntbst common wrist watch available
and are priced less than $10.
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seemsto hgve come from Phoenician ‘ 60 Ks{*l(}ll()lgm"‘I,()z*l b o
or Babylonian sources. weight (Paris)= ' : =13231h 1.3-1
1 fo28.34fgm*1 o:
a b ¢

The Romans Used Pounds
The Romans' standard weight was the pound. (Calldma from which comes our "Ib."
abbreviation for the pound.) Britons got the poumehsure of weight from the Romans although
they weigh humans in units of "stones" (14 poundse stone).

The Metric System was Based on the Mass of Water

From out of this chaos, came the simple metricesgstThe unit of mass used the nature-
based meter to define a volume which, when filletth water, defines the unit of mass. A cubic
centimeter volume, filled with water, originallyfiteed the "gram.” In the 20th century, the metric
system was reformed and renamed the Systeme IhteralxSl) using the units: meters, kilograms
and seconds (MKS) as the primary standards. I8kkgstem, the kilogram standards is a cylinder
of platinum-iridium kept at the International Buveaf Weights and Measures at Sevres, France
(near Paris) with duplicate, secondary standardshar countries.

1.2.4 Summary Definition of the SI Base Units

Current definitions of the Sl base units drg://physics.nist.gov/cuu/Units/current.html)
are given in Table 1.2.1.

Table 1.2.1 Current Definitions of the S| Base sinit

Unit Measure | Definition
Length Meter Distance traveled by light in vacuumingithe time interval 1/299,792,456 second
Mass Kilogram| Mass of the international prototypetaf kilogram

Time Second | Duration of 9,192,631,770 periods ofr#fugation from the transition between two hyperfine
levels of the ground state of the cesium 133 atom

Electrical |JAmpere | The current in two straight parallel condegtf infinite length and zero circular cross

current section separated by one meter in vacuum produf@seaof 2E-7 N/m.

Amount [Mole Amount of substance containing as many elenngmtatities as there are atoms in 0.012 kg of
of carbon 12; the symbol is the "mol."

substance

Luminous|Candela | Luminous intensity in a given direction @oarce that emits light of frequency 540E12 Hp
intensity with a radiant intensity of 1/683 W/steradian.

1.3 Dimensional Analysis

"How many feet are in a pound? How many hoursraeemile?" Such questions have no
reasonable answer because they are unrelatedfir§thguestion attempts to compare length with
weight and the second question tries to comparewith length; only things with the same units can

be equated.
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Dimensional Analysis for Changing Units
and Error Checking

The most frequent use of dimensional
analysis is for changing units and avoiding error:
by dimensionally balancing an equation. Units
are included in an equation the same way a
numbers and provide both a numerical answe

and dimensional answer.
is less well .known for its ability to deduce t

parametric relationships for new phenomena bpgl
balancing units e.g., the equation for the perloc\Ne|

Dimensional analysi:

he

of a simple pendulum may be deduced to

Dimensional Analysis

1.3-1 Londoners  Fig, 1.3-2 Parisians
gh in Pounds

Weigh in Kilograms

within a constant just by dimensional balancey

Table 1.3-1 Dimensional Exponents for Mechanicadl&its

But first we will see how to change units.

Example of Changing Units

You left for your European trip weigh-

ing 135 Ibs; in London (Figure 1.3-1) you

weighed 10 stones; in France (Figure 1.3-2

you weighed 60 kg. These units must bg

related to determine if you are gaining o

losing weight. A table of conversion factors

is provided, but suppose you know a fe

weight equivalences. Equation 1.3-1

illustrates the proce’s It begins by writing

the weight inParis = 60 kg. Equal things in

both the numerator and denominator have n
effect, so write equivalences to kilograms
grams, and pounds. HerH)00 gm = 1 kg

cancels kilograms (line a) to give grams; Usingeume
28.34gm = 1oz cancels grams (line b) to give [work

ounces;16 oz = 1 Ibcancels ounces (line c)to
give pounds as desired.

Quantity Length | Mass | Time¢ SI Units
mass (m) 0 1 0 kilogram (kg)
length (s) 1 0 0 meter (m)
time (t) 0 0 1 second (s)
force (f) 1 1 -2 newton (N)
acceleration (a) 1 0 -2 nt/s
angle() 0 0 0 no units
area(A) 2 0 0 m
density, mass | -3 1 0 kg/m
fdensity, weight () -2 1 2 N/
energy (E), 2 1 -2 kg*ris® joule (J)
frequency () 0 0 -1 hertz (Hz - /s)
modulus of elasticity -1 1 -2 nt's
moment 2 1 -2 ftkg/s®
moment of inertia (I) 2 1 0 ntkg
momentum (p) 1 1 -1 rtkg/s
Planck’s constant (h) 2 1 -1 kg*its*
power (P) 2 1 -3 rfitkg/s® watt (W)
pressure (P) -1 1 -2 N/m
train 0 0 0 no units

stress -1 1 -2 N/m
surface tension 0 1 -2 N*m
velocity (v) 1 0 1 m/s
viscosity, absolute { -1 1 -1 N/m

3 0 0 m

2 1 -2 J

If an error had been made such as

9 The program UCONCON is provided for units coni@rsconstants and relativity

(Chapter 10) calculations.

= means multiplication and below the line meamgsion, but occasionally “/” is used
for division like it is used in computer programigin
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multiplying by 28.34 gm/ozinstead of

. . Table 1.3-2 Dimensional Exponents for Some Thefaintities
dividing, the units would bkg?*|b and the [ Quantity Length | Mass[ Time[ Temd SIUnits
error would be obvious. Usually problem§mperature 0 0 0 ! keﬁ;?':y:gm
are more difficult. To know that apheat 2 1 -2 0 joules, J

; ; ; ; : & eathalpy 2 1 -2 0 J
equationis coyrect, dimensional analysi ¥tropy 5 T = 1 Tdeg
performed using the fundamental unifSas constant, R 2 1 -2 -1 J/deg

: Meat transfer coef. 1 1 -3 -1 J/deg*m*
Iength (_L)’ mass (M) and time (T) Ta_ “Specific heat, mass 2 0 -2 -1 J/kg*deg
1.3-1 gives the powers and combinatigrssecific heat, volume| -1 1 -2 -1 Jirdeg

: : | specific heat, weight 1 0 0 -1 J/kg*deg
of LMT for the _SI mecha_nlcql units. F(,.temperature Sradieni I 5 5 T degim
example, force is a combination of all thrg@ermal conductivity | 1 1 -3 -1 Jm*deg*s
fundamental units with T being squargdioim® expanson | 0 O |0 [t | e
L*M*/T2,

The LMT units Table 1.3-3 Dimensional Exponents for Some Elegki@uantities

must be supplemented f@Quantity and Symbol Lengthl Mass Time Charg¢ SI Units
thermal quantities by thpcharge (Q ) 0 0 0 = Coulomb (C)

dditi f th current (i) 0 0 -1 1 Ampere (A)

a iton Y ano_ e capacitance (C) -2 -1 2 2 Farad (F)
fundamental unit { current density | 2 0 1 1 i, )
temperature (Tab|e 1.3-2]) electric displacement (D) -2 0 0 1 CIm

P ) electric field intensity () 1 1 -2 -1 V/m
Slmllarly’ Table 1.3 inductance (L) -2 1 0 -2 Henry (hy)
shows the need for anothEFagnetic field intensity (H) | -1 0 -1 -1 Amp-turns/m
fundamental unit { magnetic flux density (B) 0 1 -1 -1 WeberifTesla - T)

: Jmagnetic flux () 2 1 -1 -1 Weber
electrlca_l Charg_e' Ra'th\"magnetic vector potential (A)] 1 1 -1 -1 T*m
than discussing theSEermeaniity () 1 1 0 2 HIm
tables now, they will used
in subsequent chapters. i 2

q P Kinetic energy = p 1.3-2
_ 2+m
Correcting Errors
As mentioned, physical quantities may be expressed
t_erms Of_ the p_rlmary UnItSZ_ Ie_ngth, mass, g ek Table 1.3-4 Numerical Values For Sl Prefixes
time. Dimensional analysis is used for er czrefix %ymbol Multiplier Fgefix dembol Multiplier
. . . 10 i 0.1
correction by choosing units that lead to tHgac—- 5 1 5
needed result. For example, suppose that| i kM 11022 mili_ [ m 25021
were told the momentum and mass |6F% e | 1109
something and are required to find the kingtawa (TB igiz nano | n 11532
. ] B
energy. You remember that it has a 2 in g S e o1z

denominator, but you are uncertain about
whether mass is in the numerator or denom-

inator, and you are uncertain about the momentushhwanether or not it is squared. You remember
that kinetic energy has the units of mass timesoigi squared M*L%T?, and momentum has the

We can get the velocity squared by squaring the
momentum, but this results in mass squared soallwdnass and get equation 1.3-2 for the kinetic
energy, in which p stands for the momentum andmthi® mass. Now that the proper relationship

units of mass times the velocityM*(L/T).
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Dimensional Analysis

has been found, it is only necessary to expresgquhatities in units. The
choice of which depends on the purpose. The beterm of units for
calculations is the SI system.

The Metric System became S| Units
The "metric" system grew out of the French Revolutand is used
in nearly every country of the world with the magotception of the United
States where two systems of units are in commorthis@&ritish System for
most commerce and the Sl system for science, electrand photography.
The U.S. is slowly moving to the Sl system, like thast of the world, but the
investment in documents, machinery and

Fig. 1.3-4 Former
Symbol of the AIP

perception is very great, so the transition is slow 1 inch = 2.54 cm (exactl 1.3-3
34
_ ) 1 kilogram = 2.20462 pounds. 1.3-4
The dual systems in the U.S. requires
proficiency in relating units. They are simply
connected through LMT, the importance of Whicll IS Table 1.3-5 Useful Conversion Factors within the
A British Syst
repr_esented by_ the _former logo of _the Amer¢afirs o Tide bﬁrﬁ? 0 get this unit
Institute of Physics (Figure 1.3-4) showing theghié [ to get this unit multiply by this|__in this unit
to represent mass, the ruler to represent lents, e 2 -
pendulum to represent time which is the same ih @bt 5280 mile
systems foot 16.5 Rod
Y ’ . . . | acre 640 section (sg.
The length (L) connection is given by equation mile)
. ; H . . . inch 1728 . foot
133 equation 1.3_—4 gives the weight connectio, == 11 Zl;lloono
it is usually approximated a:2 Ibs/kg cu. inches 57.749 quart
With connections between two systems, Hi&: : g;ﬁ‘gtn
desired units are found by converting within aegyst| pint 59.841 cu. Foot
Within the S system, conversion only requiresthuf galon 0229 e
decimal points as shown in Table 1.3-4, but withen [ pound 100 hundred-weight
i+ ; pound 2000 short ton
British System, things are not so easy becauss do _
not change by powers of ten. Table 1.3-5 presgfits" 2200 o 1000 ke
some commonly used conversion factors. To use|tugd 32.174 slug
table, if the unit on the left is to be convertedttte [ 00 ™eshour | 1 88 feetls
unit on the right - divide; if the unit on the rigis to | "*"**P°"*' o minute
be converted to the one on the left - multiply. horsepowgr 17746 watls (ST unit)
R . t- 1.356 j Sl unit
As an example of using the table, my relatiye e o e

once had a homestead of ¥4 section in New Mexico.
To find the number of acres, Table 1.3-5 lists tiset

on the right and says to multiply by 640 to getac.25*640 = 160 acres. As another example, a
"pint" is nearly equal to the related word "pountlie actual weight of a pound may found from 8
pints equaling a gallon. A gallon of water wei@337 Ib, hence a pint of water weighs 1.042 Ib.

13



Chapter 1 Getting Started

Dimensional Analysis
Any mathematical relationship between variables beawritten as equation 1.3-5, where the

x's are dimensioned or undimensioned variablese Th

Buckingham theorem says these variables can be
arranged in several dimensionless groups called thg Ay X)) = 0
groups (equation 1.3-6), where each group is éorivy f(11t ; 1’;)=0 1.3-5
combining all of the variables through multiplicatiand Lo 1.3-6
division with the dimensions of each variable beinthe | 1Y "».2™) = fny,.. 1) 1.3-7
primary units (LMT). Equation 1.3-5is solved ouation
1.3-6 for one of the groups by the functiof( ,. . )
which has only dimensionless arguments (equatid7). therefore
contributes only dimension less terms, herfég®.*z™ must be dimension
less.

arn (s)

Example of Dimensional Analysis - the Simple Pandul
A simple pendulum consists of a mass (m) at the &ed of a
pendulum arm of lengtls) attached to a fixed point, swinging through so

angle ( - Figure 1.3-4). The mass is acted on by inanigthe acceleration mass (m)
of gravity @). The pendulum swings with a periogl (Atmospheric effects Fig. 1.3-4 Simple
are ignored, thus these are all of the parametessfirst-order analysis. Pendulum
The parameters and their dimensions are given lteTh3-6.

There are 5 parameters and the number of primaty isr3 so Table 1.3-6
there are 2 sets of independent dimensionless pradiLeta be the D'X‘ne;:;'s?ga'

power ofm, b the power of, ¢ the power of, andd the power of. of the Pendulum

Multiply these four parameters and require thatrégsult be dimen- [Parameter] Units
sionless (equation 1.3-8). Substituting the funeiatal units (equation [ m M
1.3-9), collecting the units and requiring thatéx@onents vanish gives |2 r';one
the results shown in equations 1.3-10a-c. Thexdhaee equations in T
four unknowns, meaning that one unknown, d, maebected arbitrarily L< i

to result in equations 1.3-11a-c.
The theorem states that the solution is a functioglakionship

between the two independent products as shownuatienq 1.3-12. Solving for the quantity in the

brackets gives the result shown in equation 1.8 which we can solve forin equation 1.3-14.
This says that the period of a

simple pendulum is constant and

proportional to the square root of the

ratio of the length to the acceleration

m 9xs Y x1°xg I=dimensionless 1.3-8

(M)* (L)t x(L/T?)¢ x(T)?=dimensionless 1.3-9
M-a=0 L:b+tc =0 T: 2%c+d = 0 1.3-10a-c

of gravity. Later, the proportionality a=0 o dfz b = -d2 1.3-11a-c
constant is found to b&* . The FI(S/ ¥ *1),8]=0 1.3-12
period is not a function of the mass s xg ¥t = fiB) 1.3-13
on the end of the pendulum - this is T = f(8)*/(s/g) 1.3-14

the reason why the pendulum clock was the precetbad of time measurement for centuries. Itis
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Coordinate Systems

important to recognize that the formula for thageof a simple pendulum has been derived, except
for a constant multiplier, without arijnowledge of the physics of motion.

1.4 Coordinate Systems

Maps are scaled-down geographic pictures.
Coordinate systems applied to maps give numerniettibn
and distance information for guidance. From treasice
information you can estimate how long it will tateeget
where you are going. Later, mapping was applied to
geometry thereby linking algebra and geometry.

1.4.1 Maps

A map consists of: the reduced shape of the gebgrap
on a coordinate grid and the scale relating theshsize to
the grid spacing. A point in the map is locatedvy grid
coordinates: one coordinate giving the east-westtion and
other, the north-south direction. These two cowmtéis are
an "ordered pair," so-called because the ordbeaiumberd 9- 1.4-1 Lower Manhattan
indicates which number is associated with whiclrdmate. Scale: 1 inch = 1 mile
By convention, the first numbex,is for the horizontal grid
and the second is for tgevertical grid. They are separated by a commaeactbsed in parenthesis:
(%, y) The most significant digit of a coordinate is tumber for the grid immediately before or below
the point. The decimal fraction is the fractionhdd grid spacing to the grid line. For exampleigure
1.4-1, the coordinates of the former World Tradet€eare (0.4, 0.8) and the coordinates of theddnit
Nations are (3.55, 3.4). The straight line distafity/potenuse) is calculated using the Pythagorean
theorem (Section 1.5-2): the x leg of the triangl8.55 - 0.4 = 3.15 and the y leg is 3.4 - 0.865 2
hence ([3.15]2+ [2.6]2) = 4.08 mi

Early Maps of the Earth

As early as the 5th century B.C., Greeks considieBarth to be spherical because the sphere
is the most perfect shape - hence the earth meedydave that form. Aristotle (384 -322 B.C.)csali
the earth was a sphere because dust particlegfiatim all directions would form a sphere. Funthere,
the shadow of the earth on the moon showed it eodEhere. A major step in geography was made
by Hipparchus of Nicaea (165-127 B.C.) who drewtireouth and east-west lines on a map. By nuntperin
these lines, coordinates were provided for locatmgplace on Earth. While Hipparchus first sewtib
the earth in terms of, our presently used 3@&€grees, such information had little practical wst!

' Parentheses are used to show what is included aperation, in this case the square
root.
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Chapter 1 Getting Started

the length of a degree in terms of earth distan@ssknown.

Greek Measurements of the Earth's Diameter
Eratosthenes (276-195 B.C.), the second librarfan o
the great library at Alexandria, made the first mgaments
of the earth’'s diameteEratosthenes heard that near the present
city of Aswan on June 21 at 12:00 PM, the sun shadwvacttly
on the bottom of a well, hence directly at the eeat the earth.
Simultaneously, he measured the angle of the soa 7014
in Alexandria (Figure 1.4-2) which is 2% of a a.cll'he distance
from Alexandria to Aswan was reported by camel zaina
to be 5,000 stadia (a stadia is the distance arawstddium
or 607 feet). Converting to feet: 5000-sta@@¥/ft/ stadia=
3.035E6 ft. Since this distance is 2% of thedualyle of a circlerig. 1-4-2 Geometry for Calculation
(36(F), then the distance around the earth must bB@E0.020f the Earth’s Diameter
=1.52E8+t1 mi/5280+t= 28,740 mi. Thisresult, calculated
around 250 B.C., is only about 15% larger thanctireect value (24,800 mi).

Ptolemy (~100-168 A.D.), the father of modern gepby, estimated each degree to be 50 miles,
from which the circumference of the earth was 1800€s. Columbus relying, on Ptolemy's geography,
greatly underestimated the distance from Spairhio& If Columbus had known of Eratosthenes’
measurement of the earth's circumference, he phpbhainld not have sailed west because he could
not carry sufficient provisions.

Representing a Spherical World on a Flat Map

The earth is a sphere, but a map of it needsftattened for storing, drawing upon, and calcutatin
routes, but a flat map distorts a spherical e#&thapproximation for flattening a sphere is theréégor
projection. (Gerhardus Mercator, 1512-1594, wasraish mathematician and geographer who narrowly
escaped death because of his Protestant belidtsumat safety in making maps for kings). A mercato
projection results if a light at the center ofangparent globe projects
onto a cylinder, and the object outlines recordéek cylindrical is split
and flattened to give the familiar flat map thatdrts the northern and
southern regions.

Three-Dimensional Maps
Flat maps give the shape of the geographic fegtiomesacking
three dimensions do not show elevation. Elevanay be shown by
embossing (bulging) the map but then it is not flapractical way to  Fig. 1-4-3 Contour Map

I Today, he is remembered for the computer spe¢itigesode called: "The Sieve of
Eratosthenes" that finds prime numbers.
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show elevation is to draw contours (lines of comisédevation) on the map. Farmers often plow on
the contour to create a constant elevation dit¢totd water so it will soak into the ground. Camto
lines are lines of constant gravitational poteti&ajure 1.4-3) which will be further explainedihapter

3. No energy is expended in moving along a liremaktant gravitational potential, but energy [gseded
when moving to a line of higher potential or givgrwhen going to a line of lower potential. Furnthere

the energy change does not depend on the pathlyurothe end point’s change in elevation. Ie®sk
as much energy to go straight up a mountain asei$ do spiral around on the way to the top.

1.4.2 Cartesian Coordinates

Locus of Points: Descartes' Geometry
Rene Descartes (1596-1650) contributed the magar tidat
equations can be drawn by plotting the I6aiisoordinates on a graph.
A Cartesian graph uses right-angle axes dividedegial spaces (Figure
1.4-4). Such had been discovered earlier by Fiemmaat (1601-1665)
and before him by Francois Viete. The reasofbatartes is credited_ _ )
for the discovery is that it was used in his bdakialytic Geometry". Fi9- 1.4-4 A Cartesian Grid

Analytic Geometry: The Linear Equation y=x 1.4-1

Descartes noted that a function of two variableseaplotted if a grid
is numbered positive right of the vertical axisa§yis) that intersects the origin, and negativénéo t
left of this line. Positive above the horizontaisa(x axis) and negative below this axis. Mapssh
geographic features on a superimposed grid, signd&artesian graph shows a function on a rectangu
grid. To illustrate plotting a function, consideguation 1.4-1.

Because both variables are raised to the first pawis is the equation of a straight line as
seen by plotting the locus of points. To plot #giation, it
does not matter whethery or x is considered tdiadependent
or dependent variable. Arbitrarily select x tartdependent,
assign x = 1, then solve equation 1.4-1 to gely ¥hus the
first point has the ordered coordinates: (1,1)xtNessign x
=0, to gety =0, giving the next point, (0,0)nather choice
might be x = -2 giving y = -2. If this procesmntinued to
generate alarge number of points that are plotiedCartesian
graph, the points look like Figure 1.4-5. If thamd density

were greatly increased, the points run togethevistgma straight Fig. 1.4-5 Locus of Points Plotted
line. Plotting these points is conveniently dorgRrogram by the Computer Program

k Locus means the path suggested by closely spaiets.p

17



Chapter 1 Getting Started

1-1 which is explained in detail, as an introdustio QBASIC.

Program 1-1 Plotting the Locus of Points for Eqoatil.4-1

1'locus of straight line points
2SCREEN 11
3VIEW (0, 0)-(639, 479)
4' locus of straight line points
5SCREEN 11
6 VIEW (0, 0)-(639, 479)
7 WINDOW (-110, 110)-(110, -130)
8FOR i =-100 TO 100 STEP 50
9LINE (i, 0)-(i, 5): 'Horiz ticks
10LINE (O, 1)-(5, i): 'vert ticks
11z = INT(40 + (i * .36))
12LOCATE 15, z
13PRINT i
14zz = INT(15 + (i * .12))
15LOCATE zz, 37
161F zz > 18 OR zz < 12 THEN PRINT (i * -1)
17NEXT i
18LINE (-100, 0)-(100, 0): 'horiz axis
19LINE (0, 100)-(0, -100): 'vert axis
20FOR x =-99 TO 100 STEP 5
21y =X
22CIRCLE (x,y), 1,1
23PAINT (x,y) 1,1
24NEXT x
25END

Line 1is aremark statement identified by
the "' " at the beginning of the line (REM does
the same thing). Line 2 specifies the type ofestre
that is selected for use on your computer. SCREEN
11 specifies a two-color VGA screen with 640 pixels
(screen dots) in the x-direction and 480 pixels in
the y-direction.. Line 3 specifies the viewingaare
to be used. Screen coordinates go from 0,0 on
the upper left to 639,479 at the lower left. Notice
that y increases downward in the screen coordinates
Line 4 defines a WINDOW that corrects for this
effect and defines convenient scale values. Lines
5thru 14 encompass a For-Next loop in the index
| that is incremented by the amount expressed by
“STEP” starting from the lower limit (-100) to the
upper limit (100). Line 6 draws short lines (0 to
5) at positions specified by the | location (e.90,1
-50, ..100). Line 7 doing the same thing putsstick
on the vertical axis. Text must be located acogrdi
to row, column coordinates . Line 8 calculates
the integer value of the column position centered
at40. The multiplier (0.36) is chosen to position
the text without going off scale. Line 9 locates
the text at vertical location 15 and the computed
zz position. Line 10 prints the value of I.

Lines 11 thru 13 similarly label the vertical axisines 15 and 16 draw the horizontal and vertical
axes, respectively. The locus of points, is drawthe loop from lines 17 thru 20. Line 18,, isiation
1.4-1 being plotted. A value of x, incrementedbig assigned each time through the loop. Theeval
of y is found from the equation, and a circle ist{gld by line 19 and filled by line 20. Line 21dsn
the loop.. The results of plotting with this prograre shown in Figure 1.4-5.

' This program is explained in detail, as an inticitbn to QBASIC. The actual
programming does not use line numbers; they arecattdexplain the purpose of the lines of

program
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Coordinate Systems
1.4.3 Non-Linear Graphs

Not all coordinate axes graphs are linear (eq@alisg of the coordinate units). Variable spacing
can show a greater numerical range than a lineaspth as by compressing the region of small galue
in order to show the large region.

Logarithmic and Semi-logarithmic Plotting

Logarithms were invented to use addition and sabtma to reduce the labor of multiplying,
dividing and raising numbers to powers. The useg#rithms has been supplanted by hand calculators
and the computers.

Coordinate systems may be drawn in which the >oobpth axes are logarithms of the physical
dimensions of the page. A semi-logarithmic grdpbdrithmic graduation of one axis but linear on
the other) is useful for displaying variables tbater a large range of values in one directionand
more limited range on the other axis. Log-log gaffogarithmic graduations on both axes) are used
for plotting points that range over large valuebaif axes. Another reason for using non-lineglgng
is to display the underlying relationship betwdesntivo variables. For example, an exponentiakionc
is a straight line on semi-log graph paper; a fimmcthat is a variable raised to a power (any comtst
exponent), is a straight line on log-log graph paf@eviations from a straight line are readilyrsee
as deviations from the assumed form of the function

Review of Logarithms
Before discussing logarithmic plotting of data, dieeelopment of logarithms will be reviewed.

The word logarithm comes from the Greek words "Egoeaning proportion and "arithmos" meaning
number. The concept of Briggs (1561-1630) and &lgfii550-1617) was that any real number may
be expressed by raising some other number (chidabise) to an exponential power. Numbers, reyieese
by the same base, but raised to different powersaltiplied by adding exponents. Division is paried
by subtracting exponents. For example, recallthiaing a number to a power means multiplying
a number by itself the number of times specifiedHgyexponent e.g.¥2* = (2*2*2)*(2*2*2*2) =
8*16 = 2°= 2 = 128. This clearly works
for multiplying numbers that can be expressed
as a base raised to an integer. Briggs and
Napier showed that it works for any real
number, integer or not. Figure 1.4-6 shows
two scales both numbered from 1 to 100Fig. 1.4-6 Relating Geometric and Linear Numbers
The lower scale is ruled linearly, the upper
scale is ruled such that the integer powers opp8ar

N=10* 1.4-2

above their corresponding values on the lineaescal x=log, N 14-3
such that they form a geometric series (each number . haract 10 i ‘i 1'4'4
is 10 times the preceding number. This suggests t 080N = characteristic.mantissa a

any number can be represented by 10 to some re&rpr (equation 1.4-2). The value of x is found
by the inverse relationship defined as the logariaquation 1.4-3). In practice, the log of a dedi
number is written as an integer, called the charatic; a decimal point, and a decimal fraction is
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called the mantissa (equation 1.4-4).

Positive real numbers are expressed by shiftinig tleeimal to a standard form consisting
one integer, a decimal point, a decimal fractiord the number of shifts of the decimal to get this
form. Thisis easily seen in scientific represgateof a number. Figure 1.9-4 shows N =85. £3.5
To get the standard form, the decimal is shifted appears to the left of the first significangidi
This is indicated by “1” to the right of E andstthe characteristic. The mantissa is the logarith
the number to the left of E: Ig8.5. Geometrically, in Figure 1.4-6, the logaritbfN is the next
lower integer power of 10 plus the fractional exgrrcorresponding to its position between the riieghg
integer powers of 10. Hence for N = 85, the charatic is 1 and the mantissa is .929 so;/88§
=1.929.

Aid for Calculations

To multiply two numbers, add their logarithms (jastyou add exponents to multiply); the
product is the inverse logarithm of this sum. Twde two numbers, subtract their logarithms; the
guotient is the inverse logarithm of this differencyou find the number that has this logarithnmfro
a logarithmic tables by locating a number in tHedalosest to the mantissa and its corresponding
number (antilog). From the characteristic, adjustdecimal point according to 10 raised to thegrow
of the characteristic. To find the inverse withead calculator, input the logarithm number athelcte
the inverse logarithm.

Before leaving the subject of logarithms, it shdoddnoted
that there is a “natural base” of logarithms callgtyiven by 1.4-5. e=2.7182818 1.4-5
This is a universal constant that arises from tagitihas many theoretica
uses such as: radioactive decay, statistics eleagetic theory, chemistry,
biology,....

Changing the Base of Logarithms

Changing the base of logarithms may be neededhteriag numbers in equations or different
types of displays.. Consider basesh@ndb,. The requirementis to find the power of eaclelihat
gives the same number (equation 1.4-6). The thgari
of N to the two bases is given by equations 1.8:7a,
Also the log of equation 1.4-6 to the bhgis given N=b"=b" 1.4-6
by 1.4-8. But, logb, = 1, because itasks, "To what x,=log, N; x,=log, N 1.4-7a.b
power must a number be raised such that it equals ! 2
itself ?" The answer is 1; using this and subxstigu 1 *logb1b1 e’ *logb1 by 1.4-8
1.4-7a,b into 1.4-8 gives equation 1.4-9. log, N = log, b, xlog, N 1.4-9

Tables of logarithms are usuallytobase 10. log N = 2.3026 xlog ,N=InN 1.4-10
To convert from base 10 to base e use the fact that
log,10 = 2.3026 in 1.4-9 to get equation 1.4-10.
(A log to the base e is often written as In.)

Logarithmic or Semi-Logarithmic Plotting
Logarithmic or semi-logarithmic graph paper is dgeich that the linear dimensions of the paper
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along one or more axis is scaled according todaparithm of the dimension. This has the advantage
of expressing a larger range than linear graphitigpat compressing the small values. An exponéntia
function plotted on semi-logarithmic paper is asgfint line; deviation from the exponential characte
is clearly shown as a deviation from the straigi@.| To see that an exponential plots as a strhigh
considery = €. If the y-axis is logarithmicy = In(e) =x*In(e) = x. Hence on semi-log papsr= X
which is a straight line.

Example of SemiLogarithmic Plotting

Consider an experiment to
measure how fast a pulse of neutrons
leak out of a cube of ice. Theo-
retically, the decay should be
exponential with time. A neutron
detector produces an electrical pulse
each time it detects a neutron; these
pulses are counted during time
intervals after the neutrons entered
the block by a time analyzer designed
such that the time channels form
a geometric progression having time
widths of 10, 20, 40, 80, 16Gs.
Figure 1.4-7 shows that the _ _
uncorrected data (open boxes), do Fig. 1.4-7 Neutron Decay Experiment
not lie on a straight line when plotted
semi-logarithmically, as they should if the decagrevexponential with time. The graph also shows
the curve of the variation of channel width witln& (solid squares). Dividing the curve of raw data
by the curve of the channel width, removes thecethé the varying channel width from the data as
shown by the middle curve (open circles). Thisecdtion is easily done using a pair of dividersaosfer
the channel width, at various times, to the ravagaints such that the divider subtracts the cHanne
width.

Measuring the Decay Constant
The decay constant is the amount of time that mlagtse for the neutrons to drop bye =
0.3678.It may be found by locating an intersection of teerected curve with an integral power of
ten (e.g. 1, 0.1,...). Then draw a line paraidhte y-axis from this point downward. When threeli
is 0.3678 of the beginning value, this is one Qe triangle that is shown in Figure 1.4-7. Nepew
a horizontal line from this point until it reachteg corrected curve. The length of this line esdecay
constant, for this case it is 50 microseconds.

Multiplying or Dividing a Curve by a Constant
Dividing one curve by another curve requires trangig sufficient points that the curve is well
defined. A simpler case, that often arises, ingslinultiplying or dividing a curve by a constas.
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convenient way to do this is to place a blank sbfegaph paper on top of the logarithmic or segaldhmic
graph paper on a window so that the graph is seendh the upper sheet. Displace the upper sheet
so that the beginning of a decade on the lowett sl@gcides with the multiplication factor on theper
sheet’s ruling. Trace the curve from the bottomestonto the shifted upper sheet. The resulis th
lower sheet’s curve multiplied by the multiplicatiéactor.

Log-Log Plotting

Certain functions, especially empirical functioespirical means an experimentally observed
relationships for which there is no theory) ob&yaver law" (equation 1.4-11),

wherea is a constant, not necessarily an integer. Rbpttis function on
log-log paper is equivalent to taking the logaritbirboth sides of the equation:

y=x¢ 1.4-11

y  =log(y) =log (¥) = a*log x = a*x". Hence the function looks likg: =

a*x” which is a straight line with a slopeafslope means the ratig’X). Empirical relations are often
determined by plotting experimental data on logpager. If the line appears straight, the slopeisured
to give the exponeng and a power-law relationship is determined.

While semi-logarithmic and logarithmic plotting aexy useful in linearizing a function to identify
its functional form, this type of plotting may dist a function beyond recognition. To see that thi
is true, the following program calculates and utadliedly draws a circle (the equation of a ciréetered
at the origin is<2 + y2 = r2, where r is the radius).

Program 1-2 A Circle Drawn Linearly

1* circle
2SCREEN 11
3VIEW (0,0)-(639,479)
4WINDOW (-80,110)-(80,-10)
5FOR I=-75 TO 75 STEP 25
6 LINE(1,0)-(1,2): Horin ticks
7 z=INT(40+(i&5))
8 LOCATE 27,x
IONEXT i
10FOR i =20 TO 100 STEP 20
11LINE (O, 1)-(5, i): 'vert ticks
127z = (28 - (i * .245))
13\ LOCATE zz, 36
14 PRINT i
15NEXT i
16 LINE (-100, 0)-(100, 0): 'horiz axis
17LINE (0, 100) - ((0. 100): ‘vert axis
18yd = 50: r = 40: yo = yd: xo = -40:
19FOR x =-40TO 40
20y = SQR(r*r - x * x) + yd)
21LINE (xo0, yo)-(x, y)

This program is considerably different from
Program 1-1 because all points of the circle must
be positive - logarithms are not defined for negati
values and itis desirable to make the comparison
between linear and logarithmic plotting as direct
as possible.

Lines 1 thru 3 are the same as before; line
3 was changed to limit the x extent of the circle
and to shift the x-axis down for a large positive
field. The for-next loop from lines 5 thru 9 that
puts ticks and values on the x-axis are basically
the same as before except for a change in range
and ticking interval. The for-nextloop from lines
10 thru 15 ticks and labels the y-axis similarly.
Lines 16 and 17 draw the axes as before. Line 18
gives the initial values for the plot with yd being
the displacement of the center of the circle from
the origin, and the radius being 40 screen units.
The for-next loop in lines 19 thru 24 draws the
circle the same as Program 1-1, butit only draws
the upper half. A circle is double-valued butrapoter
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22LINE (x0, -yo + 2 * yd)-(x, -y + 2 * yd)
23Xx0=X:yo =Yy

24NEXT x

25END

Coordinate Systems

code cannot handle double values so the problem
is split. Line 22 is a cheat; itis just the miirnage

of the upper line. The next program does it ctiyrec
The results of running the program are shown in

Figure 1.4-8. For comparison, the following piogrgenerates a circle as a semi-logarithmic plot.

Program 1-3 Log Circle

11s =10 * LOG(i)

12LINE (O, s)-(5, s): 'vert ticks

13zz = (28 - (s * .245))

14LOCATE zz, 36

15PRINT i

16 NEXT i

17LINE (-100, 0)-(100, 0): 'horiz axis
18LINE (0, 100)-(0, -100): 'vert axis
19yd = 50: r = 40: yo = yd: xo = -40:
20yo = 10 * LOG(SQR(r* r - xo * x0) + yd)
21FOR x=-40TO 40

22y =10 * LOG(SQR(r* r - x * x) + yd)
23LINE (xo0, yo)-(x, y)

24x0=X:yo =Yy

25FOR x=-40TO 40

26 y =10 * LOG(-SQR(r* r - x * x) + yd)
27LINE (xo0, yo)-(x, y)

28x0=Xx:yo =y

29NEXT x

The first 10 lines of Program 1-3 are
the same as program 1-2. Line 11 defines s as the
log of i to label the logarithmic y-axis. The niplier
of 10 adjusts the scale to be the same as is used
in the plotting. Lines 12 thru 19 are the same as
the previous lines 11 thru 18 except for replacing
i by s. Line 20 calculates the initial value of yo
for the log plotting. Notice that yo was defined
onthe previous line but it is replaced by thine
value. The value of yo could be calculated with
a hand calculator and entered as a constant but thi
is easier. Line 22 is the same as the previoas lin
20 except for taking the logarithm and multiplying
this by 10 for the scale factor. The loop from 21
thru 25 draws the upper part of the log circle; the
loop from 28 thru 32 draws the lower half with
lines 26 and 27 redefining the initial conditions.
The result are shown in Figure 1.4-9.

Fig. 1.4-8 Computer-Drawn Circle

Fig. 1.4-9 Logarithmic Circle
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30END

Polar Coordinates
Cartesian coordinates locate a point by its xsuisthorizontally
from the y-axis, and its y-distance vertically fréme x-axis. This
is not the only way to locate a point; a point naéso be located
by its radial distance from the origin and its &fgbm the positive
x-axis. This graphing technique is called polattpig. For circular
geometry, polar plotting may be more convenient tGartesian

coordinates. As an exampié+y? = a2is the equation of a circle Fig. 1.4-10 Polar and

=]

centered on the origin with radiaisin polar coordinates, the equatio
of acircle is simplyr =a. Using Figure 1.4-10, equations 1.4-12,13

Cartesian Coordinates

transform from polar coordinates to Cartesian aoates, and, equations

1.4-14, 15 transform from rectangular to polarrdotates, where x=r*cos(0) 1.4-12

ris the radial distance from the origin to thempir, ) and isthe y=rx*sin(0) 1.4-13

counter-clockwise angle measured from the x-axis. r=V(x*+y?)  1.4-14
§=arctan(y/x)  1.4-15

1.4.4 Three-Dimensional Coordinates

Relating Rectangular to Cylindrical Coordinates
Figure 1.4-11 relates rectangular to cylindricalrdinates through

equations 1.4-16,17,18, wheres the perpendicular radial distance from ‘ (x,y,2)

the z axis. In cylindrical coordinates, an infinitylinder may be specified 9 f{?éb-(bz))

in cylindrical coordinates by specifying only tlaelius, =a. Thisis much o

easier than specifying a cylinder in Cartesian dmates. y

- - - )
Relating Rectanqular to Spherical Coordinates i

Also from Figure 1.4-11, equations 1.4-19, 20,&2ate rectangular ;

g. 1.4-11 Rectangular,

to spherical coordinates, wheres the radial distance from the origin toCyIindricaI and Spherical

the surface, is the azimuthal angle measured the same agjlearacylindrical
coordinates, and, called the polar angle, is the angle between
the radius and the z-axis. (This is similar to ot the same

Coordinates

as latitude because latitude is measured fromghater.) Of X =p *cos()
the many other coordinate systems, these are tjo prees. y =px*sin(@)
zZ=Zz

1.5 A Mathematical Refresher

x =r*cos(¢)*sin(B)
y =rx*sin(@) *sin(6)

This section presents a review of familiar mathersat z=r*cos(8)

that needed for the rest of this book. Readerditarwith this

1.4-16
1.4-17

1.4-18

1.4-19
1.4-20
1.4-21
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material may skip it; others needing refreshing trenefit. It provides the initial conditions frammich
we start; other mathematics will be presented ader

1.5.1 Algebra

Algebra is believed to be an invention of the Gré&skphantus of Alexandria about 300 AD.
The word algebrais a corruption of an Arab phrasaning restoration and reduction. Until Descartes
it was regarded as providing "place holder" logaitor substitution of numbers after an equatiah ha
been solved using symbols. Descartes and othesded the conception to become a framework for
the manipulating of ideas. In the 19th centurygi@e Boole developed a special algebra, calledldano
Algebra" for formal logical reasoning; it has utilfor the design of computers.

Manipulating an Equation
Algebra relates quantities known and unknown. KWyelaraic equation is of the form shown
in Figure 1.5-1 with the sides separated by anlegign. The denominator may not be explicit; dym
be 1 understood and not shown.

An equation remains balanced as long as the Asis 3 Axis 4
same thing is done to each side. Itis unaffected

by addition, subtraction, multiplication, divisiony,.c 1 Numerator 1 (K /Numeratom (W)
or operations that are performed on both sides:

Denominator 1 ( y/ Qenominator 2 (z)
In practice, some rules are like mechanical o

rotations about different axes , as if an equation Axis 2
were a physical object. Figure 1.5-1 illustratesFig. 1.5-1 Degrees of Freedom of an Equation
an equation and identifies the rotational axes.

Consider equation 1.5-1a as a starting pointisifotated (flipped) through *-¥ 151a
180 about the horizontal axis (axis 1) numerators becdenominators y z
and vice versa (equation 1.5-1b. If 1.5-1b igiéid about the verticalaxis Y - 2 1 5.1p
(axis 2), so the left side becomes the right acelwersa, the resultisequation x  w
1.5-1c. Flipping this about the forward diagonebkgaxis 4) produces Z _JY 15-1c
equation 1.5-1d; flipping this about the back dragaxis (axis 3) produces w X
equation 1.5-1e. Other operation can be perfobyéigbping a denominator X _Y 151d
or a numerator provided it is multiplied and a i4understood to be left w oz
behind as, for example, is shown in equation 1..teila flip of denominator Z _ W  15-1e
2 about axis 4. All of these operations are a featition of the rule that y  x
anequation remains unchanged when the same thimmis both sides  zxx w 1.5.1f
1
Solving the Quadratic Equation Y
A quadratic equation contains a squared unknoyn 2
variable. One method of solution, known to thei@mic x= “by/(b? - 4xaxc) 1.5-2
Babylonians, is called "completing the square”.aDidinayyam, 2xa
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the Persian astronomer-poet- mathematician, usedletion of the square to find a formula for sotyin
any quadratic equation in the foratx® + b*x+c = 0. Rearrangings®+(b/a)*x = -c/a To make the
left side a perfect square requires the additiod®*a)* to both sides thusé+(b/a)*x+(b/2*a)? =
(b/2*a)*- (c/a) = (x+b/2*ay = (b*-4*a*c)/(4*a?). Taking the square root of both sides of the tgna
and moving b/2*ato the right gives the quadrairafula (equation 1.5-2), where the parentheses mark
the operand of the square root. What about sosutitbcubic and quartic equations? Scipio Fer6%11536)
discovered the solution of the cubic (third poweglation which had baffled the Greeks. Girolamo
Cardano (1501-1576) discovered the solution tqtiagtic (fourth-power) but neither solution is simp
Regarding solutions of the fifth and higher orelguations, Fermat (fur maw), the co-inventor afrc
geometry, penciled a cryptic remark in the mard@iBDmphantus' Arithmetica, known as Fermat's Last
Theorem that says equations of the tygje:b" = c"have no general solution for integersigfreater
than4, and the proof is trivial. The proof of this wasly recently provided.

1.5.2 Series ijai=a+(d+a)+2*(d+a)+3*(d+a)+---+(”‘1)*(d+a) 1.5-3
i=1

Aseriesisasumof m
numbers, each related to the E a, = (n-1)x(d+a) +...+3+(d+a) +2+(d+a)+(d+a) +a 1.5-4
other by adding a constant !
to the previous term
(arithmetic series) or multiplying the previousnter
by a constant (geometric series).

m

Y a, = nx[(n-1)xd2+a]  1.5-5

Arithmetic Series
Letabe the beginning term, and the next terrdtsewhered is the difference between successive
terms may be written as equation 1.5-3, where mtaadd the terms beginning widh and
ending witha,. The result of the summation is found by reveysire order of the terms on right side
of equation 1.5-2 to give equation 1.5-4. Addiggations 1.5-3 and 1.5-4 gives the result as eguati
1.5-5. Notice that as the number of terms becorapslarge, the sum increases &slf2. The use
of equation 1.5-5 is illustrated by adding the nensidrom 1 to 6:1+2+3+4+5+6 = 21. Applying

the equation fod=1, n=6 gives: __Ela,» = 6%[5%1+2%1]/2=21.

This is not very impressive because it is easyltbaafew numbers by hand. But suppose you wanted

the sum of all numbers up to 9876, théui = 9876x[9875/2 +1] = 48,772,626

It would have been tedious by hand, but it is essyg equation 1.5-5. Computer code 1-4 directly
adds the sum.

Program 1-4 Series Calculator
1'series calculator Line 2 clears the screen. Lines 3 thru 6
2CLS are input statements that present a prompt followed
3INPUT ; "What is the beginning number?", a:  bythe variable that excepts the number. Theblesia
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4CLS have the same labels as equation 1.5-2. Line 7
5INPUT ; "What is the difference betweenterms?”,  defines an accumulator as longinteger. The loop
6d: CLS from lines 8 thru 11 adds a+d to the accumulator
7 INPUT ; "What is the number of terms?",n: CLS  as many times as n. Line 12 prints the answer.
8sum& =0 If thisistestedfora=d=1,and n=9876,
9FORi=1TOn the answer is 48,772,626 the same as obtained

10sum& = sumé& + a with equation 1.5-5.

lla=a+d

12NEXT i

13PRINT "Sum is "; sum&:END

Geometric Series
Equation 1.5-6 representsthe <~ 2
) = rxY . a, = rra+rixa+r
summation of a geometric series, where 47 ™
aisthefirstternma is the second term, m
andr is the ratio of successive terms.r*z a, = r*xa+r
The sum s found by multiplyingboth <!
sides of equation 1.5-6 byas shown
in equation 1.5-7. Subtracting equation 1.5-mfo5-6 m
and rearranging gives the results in equation 1.5-8 E
is small anadh s large then the simpler form shown in equatipn =1
1.5-9 is obtained.
As an example, consider the geometric sefies:

3xa+rtsa+..+r'+a. 15-6

2 3 4

xa+r’xq+rixa+..+r*xa 1.5-7

a, = ax(1-r»/(1-r) 15-8

4

[ [ =2 =6. =z

2,4,8,16and32 (a binary sirles), wheee=1, r=2, andn=6 Eai _ al(1-7) 159

Equation 1.5-0 gives)a, = 1-64+1/-1 =63 =1
This is reasonable becae 64, butl must be subtracted to get our —5
answer. Program 1-4 may be easily modified tauate the geometric series. @%{

=)
1.5.2 Plane Geometry y
r s

Angle Measurement

Figure 1.5-2 (upper) illustrates several imporg@ametric principles 8
that we will need. If a straight line intersett® parallel straight lines , the r
two alternate interior angles are equal i.e. , and = . Iftwo straight lines Fig. 1.5-2 Geometry
intersect, opposite angles are equal. Furtherthersum of the angles:+

=180, or radians.

A segment of circle is shown in Figure 1.5-2 (lowe
Euclid in one of his books says that an angleeasured o 8=l 1.5-10
in radians, is the ratio of the arc lengthdivided by the ~ 360°/2*m=57.3 °/radian  1.5-11
radius,r (equation 1.5-10).
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As an example of using equation 1.5-1@ defined as the ratio of
the circumference of a circle to its diameter: c/d. Substitutingc =s in
equation 1.5-10, we get the definition ofAngles are also measured in degrees
(from the Babylonians) witB6C° being the angle contained in circle. Since
these measure the same thing, equation 1.5-1&sdlam.

Equation 1.5-10 only works if angles are in radians

Touse angles in degrees, in equation 1.5-10, iest be converted _ '
to radians. In which case, it calculates the angth, given the radius arfdg- 1.5-3 Right Triangle
angle, or the radius if you know the angle andeargth.

1.5.3 Trigonometry _ _
Fig. 1.5-4 Narrow Triangle
Trigonometry, as the name says, is the study of
three angled figures. Figure 1.5-3 shows a riggt¢jle meaning a triangle that
contains one 90angle (/2 radians). Therightangle is at the lower rigirher.
Sidec, opposite the right angle, is called the hypotenagandb are the other
sides. The ratios of the sides define the trigogtoimfunctions in equations:
1.5-12, 13, and 14. Their reciprocals (functiomad upside down) are called
the cosecant, secant and cotangent, respectively.
Noted that the angles in a triangle add up or 180). If one angle
is /2 then the other angles must add up/fi.e. + = /2.

Fig. 1.5-5 Diagram
for
Pythagorean Theorem

Small Angle Approximations of the Trigonometric Elions

Consider the small-angle triangle shown in Figiselircumscribed
by a circle of radius r, centered at the left an@&les a and c are equal
and equal tor. As the anglebecomes smaller, the lengthofband the sin@g) = b/c  1.5-12
arc s approach equality. Thusifthe angle isknall0 ), trigonometric cos(®) = a/c 1.5-13
functions become very simple because, the angle tan(0) = b/a 1.5-14
in radians is the ratio of the side opposite the
angle and a side, and also equal to the tangent9 -
or sine of the angle (equation 1.5-10’).

s/r = bla = tan(@) = b/r =sin(6) 1.5-10'

c? = a%+p? 1.5-15

Pythagorean Theorem
Y ed sin?(8) +cos’(®) = 1 1.5-16

The Pythagorean theorem that relates the sidesgiita
triangle was not known to the Egyptians. They ktleatva triangle
having sides in the ratio of 3:4:5 contained at@gigle. It remained
for the Greek mathematician-philosopher, Pythagooatiscover the relationship of the sides. Fegur
1.5-5 shows a square drawn within a square sutldimaequal triangles are formed. The area of the
outer square ig% the area of the inner squar€hsa)? the area of any triangleheight*base/2hence
the area of these 4 trianglestita*b/2. Then,c? = (b-a)? + 2*a*b. Expanding and combining this
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gives the Pythagorean theorem (equation 1.5-15y:
Dividi_ng this equation through by end gsing sin(a+b) = sin(a)+*cos(b) +cos(a) *sin(b) 1.5-17
equations 1.5-12 and 1.5-13 gives equation 1.5 18os(a+b) = cos(a)*cos(b) - sin(a) *sin(b) 1.5-18

which is an important relationship. sin(-a) = -sin(a) (an odd function) 1.5-19
Some other relationships are presented cos(-a) = cos(a) (an even function) 1.5-20
without proof as equations 1.5-17 thru 1.5-2{. sin(2*a) = 2x*sin(a)*cos(a) 1.5-21

1.5.4 Analytic Geometry

The Straight Line
The equation of a straight line is given by equati®b-22, where
ais the constant slope ands a constant vertical displacement. The
intercepts, i.e. the places where the line intdecte axes, are found
by settingy = 0 to give an x axis intercept oft/a. By settingx = 0,
the y axis intercept is found Once the intercepts are found, the line
may be plotted. by simply aligning a ruler with theercept points and
drawing the line as shown in Figure 1.5-6. Thpsla(equation 1.5-23), Fig. 1.5-6 Straight Line
is the ratio of how fast the line goes up to hostitegoes sideways, where Intercepts
(x4, yp) and (%, y,) are any coordinate pairs along the line, and
symbol means an incremental change in whatever variable
follows it. Slope is the same thing as pitch imslense of the Yy zaxxwe 1.5-22
pitch of a roof, or grade of a road. It is alse #ame as the a = Ay _ 02 =)
tangent which is the slope at a point on a cutuehe case Ax  (x,-x)
of a straight line, how close point 1 is to pointriakes
no difference, butif the line is curved, the slohanges
as the points approach each other, and beconasthent:
y/ x dy/dxwhich is called the “derivative of y with
respect to x” the essence of differential calculus.

1.5-23

The Conic Sections

The conic sections are figures generated by any
equation of two variables, neither of which arsedito
powers greater than two isgx>+b*x*y +c*y “+d*x+e*y+f
=0. The name comes from the fact that, if a corgri(E Fig. 1.5-7 The Conic Sections
1.5-7, left) is sliced vertically (b) a hyperboésults (the
mirror hyperbola is generated by slicing the loa@ne - not shown). If the cone is sliced at arleang
to the axis (a) a parabola results. If the conefisitely long to become a cylinder, an anglesl{c)
generates an ellipse; if the cylinder is slicedgtit angle to the axis (d), a circle results.

Parabola
A parabola is the locus of points equidistant fmnfocal point and the directrix line (Figure
1.5-8). Sincé, is perpendicular to the directrix, parallel liglgrpendicular to the directrix meets at
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the focus point Parabolas are primarily useddoddight as in areflecting
telescope, or conversely, to produce a parallehbafdight, radar or
sound from a point source. Acommon exampleasigsmobile headlight.
Alternatively,a parabola is the locus points with an eccentricity

=L1/L2 =1. The equation of a parabola is given by equati6s 24,
where,a s the focal length; for a focus at point@tg. To shift the
center to thel(, K location, subtract these quantities from thecyan
coordinates respectively. The directrix, showRigure 1.5-8, islocated  Fig. 1.5-8 Parabola
at distancea below the x axis. Equation 1.5-24 is called theation
of a “y-parabc_)la” because it_s gxis of symmetryasafiel to the y-axis. x2 = 4xaxy 1.5-24
If x andy are interchanged, it is an“x” parabola.

Ellipse
An ellipse is the locus of point p(x, y) as it mewan a

plane such that the sum of the distances from ixeal fpoints,
called foci is constant. In Figure 1.5-94L, = constant, where
L, and L, are the distances from the foci to the point.
Alternatively, An ellipse is the locus of a point p(x, y) Fig. 1.5-9 Ellipse
that moves on a plane such that the eccentricity Shat is,
the eccentricity, = L1/L3 < 1 where L is the distance from _n? kP
the point to the directrix. and ks the distance from the point (x 2) + OG-k 1 1.5-25

to the focus nearest the directrix. The equafian ellipse centered a b?
at (h, k) is given by equation 1.5-25, where &érhajor axis x_2 _y_2 -1 1.5-26
andbis the minor axis: e =b=r, the ellipse is a circle centered a’ b2

at (h,k). Kepler discovered that the motions efgilanets about

the sun are elliptical. Ellipses also are fouratthitecture and

exhibit such phenomena as a watch (mechanical@glacone focus can
be heard some distance away at the other focus.

Hyperbola
A hyperbolais the locus of a point such that tiffetnce between

the distance between the two foci is constant.t iBhh, - L, = constant
Alternatively, A hyperbolais the locus of a point such that deeatricity:

>1. Thatis: =L1/L3=L4/L5> 1 The equation of the hyperbola (Figus. 1.5-10 Hyperbolas
1.5-10) centered at the origin is given by equatiéA?26. The formulalooks
like the equation of the ellipse, except for thausisign. The distance from the origin to whereoisses
the x axis is®; the length of a perpendicular from this crosgiamt to the asymptote is wherea and
b are the major and minor axes.

The shape of magnetic pole tips used in a quadeupabnet, to focus nuclear particle beams,

is a hyperbola.

30



Mathematical Refresher

One Formula for All of the Conic Sections

The similarity between equations 1.5-24, 25, arsl@ests

that all conic sections can be represented byiequab-27 according
to whether the eccentricity> 1 (hyperbola), = 1 (parabola) or
<1 (ellipse), whergis the distance from the origin to the directri

EX*p

r=— - -
1 +e*xcos(0) 1.5-27

X

and(r, ) are the polar coordinates. Computer Programeliérgtes

and plots all of the conic sections.

Figure 1.5-11 was drawn by the program for valdiescentricity shown in the figure to generate
an ellipse, a parabola, and a hyperbola. The asfmpnes are approached by the hyperbolas at the

extreme ends.

Program 1-5: Generating and Plotting the Conic $8t

1' conic sections
2DIM X(0 TO 400), Y(0 TO 400), e(0 TO 2)
3SCREEN 11
4VIEW (0, 0)-(639, 479)
5pi =3.14159: p =20
6e(0)=.5:e(1)=1:e(2)=1.2
7 WINDOW (-110, 105)-(110, -105)
8 LINE (p, -100)-(p, 100)
9FOR | =-80 TO 80 STEP 20
10LINE (1, 0)-(l, 2): 'Horiz ticks
11z = INT(16 + (I * .14))
12LOCATE z, 37
13IF 1 <> 0 THEN PRINT (I)
14NEXT |
15 FOR 1 =-80 TO 80 STEP 20
16 LINE (O, I)-(2, 1): 'vert ticks
17zz = (40 + (1 * .38))
18LOCATE 16, zz
19PRINT |
20NEXT |
21 LINE (-100, 0)-(100, 0): 'horiz axis
22LINE (0, 100)-(0, -100): ‘vert axis
23FORj=0TO 2
24FOR1=0TO 180
25 Theta=1*pi/ 179
26 X(1)=COS(Theta)*e(j)*p/(1 + e(j)*COS(Theta))
27Y(l) = SIN(Theta)*e(j)*p/(1+e(j))*COS(Theta))
28NEXT |
29FORI=0TO 177
30LINE (X(I), Y(I)-(X(1 + 1), Y(I + 1))

31

This program dimensions variables x, y,
and e in line 2 to store plotting points before the
plotting inlines. Line 5 specifiesand the directrix
at 20 units from the origin; line 6 assigns three
values for the eccentricity, e, for an ellipseg@pola
and a hyperbola. Lines 3,4 and 7 have beenegglai
previously. Lines 8 thru 22 draw the axes, tick
marks, and plotting unit numbers.

Lines 23 thru 33 form a loop for cycling
values of the eccentricity. Lines 24 thru 28 form
a loop for calculating the x and y coordinates of
equation 1.5-27 in 181 steps. Lines 29 thru 32
plot these values in 178 steps (the range wasdedre
slightly to avoid a numerical overflow. For the
hyperbola, the asymptotic lines are automatically
drawn because actually two, mirror-image hyperbolas

Fig. 1.5-11 Conic Sections Generated
by the Same Equation
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31LINE (X(I), -Y(D))-(X(I + 1), -Y(I + 1)) are being drawn and these line connect large values
32NEXT I The right-hand hyperbola cannot be seen because
33NEXT j it is out of the range of the window.
34 END

1.5.5 Calculus

Calculus, co-invented by Newton and Leibnitz ,usies functional concept = f(x) in which
the dependent variablg,is determined by the value of the independenalsl, x to investigate the
small change y caused by a small changg as the change approaches zero.

Two Types of Calculus

Equation 1.5-28a expresses theratio ofthe change  Ay(x) _ y(x+h)-y(x)
in the dependent variable, y to the change imtiependent Ax h
variable, x in terms of a small step, h. Generidigy dy(x) _  yx+h)-y(x)
ratio, y/ xisnotconstantbutdepends onthefunction.. gy im0 (x+h)—x
As xbecomes very small, the ratio converges to a vglue
called the “derivative” and is written dg/dx(equation
1.5-28b). Integral calculus is the inverse;etiscerned
with putting a differential back together agairfital the function that was differentiated.

1.5-28a

1.5-28b

Differential Calculus

Equation 1.5-23 defined the slope as a differepeeation like 1.5-28a which defines afirst-order
difference operator in terms of a small steppirggatice.x,-x, = X = h. The first derivative, is the
limit of the difference operator dsgoes to zero (equation 1.5-28b).

As an example, consider the equation of a yre:a*x+b. The difference ratio is:y/ x =
[a*(x+h)+b - a*x-b]/[(x+h)-X] = [a*h/h] =a which verifies the previous statement that the slofp
the line is the coefficient ofin the equation of a straight line. For a stralgte, it is not necessary
for h to approach zero to define the slope becausddpe s the same throughout the line.

The Leibnitz notationgly/dx explicitly shows the independent and dependemabies & and
y respectively). The Newtonian notatignjs compact but does not show the independenthtaria
This notation is even more deficient if thereseeeral independent variables. Differentiationewh
there are several independent variables, is
performed using partial derivatives i.e. cyclic o o o
differentiation using the independent variables  dfix,y,z) = —=*dx+ ——xdy+ = *dz 1.5-29
one at a time, with the other variables held ox oy 0z
constant. Each of these differentiations is
added to give the total derivative, e.g. the
total derivative of(x, y, z)is given by equation 1.5-29,:where the symbpis the partial derivative
symbol, meaning that all other variables are helistant except the one following thé'."
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Integral Calculus

The integral of is shown in equation 1.5-30 to be the process dy
of putting the small pieces of dy back togethesbymation. y = fa *dx+ct  1.5-30
Integration finds what was differentiated except@onstant
(the constant cannot be found because its dere/&ivero).
This definition of an integral, is called an "indefe integral”
because the range of the independent variable speaified.
The* ” symbol, meaning integration is a stylizationtaf summation
symbol, (Greek capital sigma). If the range of integnai®
specified, the operation is a “definite” integahd, according
to Riemann, itis numerically equal to the areéosed by a function,
the abscissa axis and the limits of integration.

Figure 1.5-12 shows an area that is bounded liyribgon Fig. 1.5-12 Integrating f(x)
y =f(x),the vertical lines at x =0 and x = 1 and the xsaXihe
sum of the small rectangles, each having afea, is the area under the curve. The trapezoidal ndetho
slants the tops of the slices to better fit th@euSimpson’s method fits a parabolic curve édtimction
at the top of each slice. Program 1-6 uses akthypes of integration to compare each method..

Program 1-6 Three Types of Numerical Integration

‘Three numerical integration schemes Line 2 is Simpson’s rule that beginsin line
'Int=h/3*(yo+4*y1+2*y2+4y3+...yn) 10. Notice that the coefficients of yO and y1 are
CLS 1, and the other coefficients alternate between 4
INPUT "What is the lower limit"; lolim and 2 according to their respective parity, i.e. 4
INPUT "What is the upper limit"; uplim for odd, and 2 for even. This coefficient selectio
INPUT "Even number of steps?”; nosteps process is implemented in lines 12 thru 15.

h = (uplim - lolim) / nosteps Lines 4 thru 6 request your input for the
simp =0: sq=0: trap =0: yold = EXP(lolim) FORupper and lower limits and the number of steps
i =0 TO nosteps (slices) for the integration. Line 7 defines thees
'begin Simpson difference between the upper and lower limits éstid
IFiMOD2=0THENa=2 by the number of specified steps. Line 8 initiadize
IFiMOD2<>0THENa=4 the accumulators for the Simpson, trapezoidal and
IFi=0THENa=1 rectangular methods, and yold for the rectangular
IFi=nosteps THENa=1 method. Line 16 is the function to be integrated
arg = EXP(lolim + i * h) in the Simpson method with the summation put
simp =simp + a * arg inline 17. Line 18 begins the rectangular method
'begin rectangular IF i < nosteps THEN y = EXRttoli enclosed in an IF statement to prevent summing
+i*h) a slice beyond the upper limit; line 19 adds thelte
sq=sq+h*y Line 21 begins the trapezoidal method.
'begin trapezoid The O-step is suppressed to define the first toapez
IFi>0THEN trap =trap + h * (y + yold) / 2 individual slices are summed in line 16. Line 18
yold =y both defines the function for rectangular integrati
NEXT i and requires that the last one be omitted because
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simp=simp*h/3 the forward stepping would otherwise put a slice
PRINT "integral by Simpson ="; simp beyond the upper limit. The results are printed
PRINT "integral by rectangular ="; sq by lines 25 thru 27; line 24 is required for Simpso
PRINT "integral by trapezoid = "; trap formula (line 2).

END

The program calculates the integral ekp(x)*dx. The limits used for the following numerical
results wereg = 0andl. The results of running the program using 4 sl&eSimpson, 1.7183; rectangle,
2.042; trapezoid, 1.64. For 8slices, the respeatisults are: 1.71828, 1.913, and 1.701. Felidés:
1.71828, 1.8247, and 1.714. The correct answedicimal places is 1.71828. Clearly Simpson’s
method gives accurate results with few slicesjtouty become unstable with some functions, and
it is necessary to have definite limits while thleey two methods may be used to calculate “running”
integrals i.e find the limit for a given the valakthe integral. With computers, the number afesdi
IS not very important, so it is about as easy tmmm the trapezoidal method as the rectangular and
the convergence is more rapid .

Maclaurin’s Series
Continuous functions with continuous  f{x) = a,+a,*x +a,*x? +a,*x> +...a *x" 1.5-31
first derivatives may be represented as a polyhomia
to various powers (equation 1.5-31). The a's
are unknown, but can be found by differentiatiofr. N ;
The formula for differentiating a variable to a mw f)=Y_F(0) *x__' 1.5-32
is:d(X)/dx = n*x"%. Using Newton's prime notation 0 J:

=)

differentiate both sides of equation 1.5-31: td fir x (x-x)y _
for x=0: f'(0) =a, , (0) = a, ¥"(0) = 2*a,, f"(0) foe=x) =X e )= 1533
=3*2*a,.... Substitute this into equation 1.5-31;
to get Maclaurin’s series (1.5-32). The summation

overj ranges frondto as many terms as are needed for accyiracyj;factorial” meaning*j-1*-2*-3*...1 ,
e.g.3! = 3*2*1 = 6. In Einstein's notation, the summing index isréygeated index, which jdor
equation 1.5-32.

Taylor’s Series

Taylor's series is like Maclaurin's, except theeseis evaluater = x,. This is accomplished
by substitutingk X - %, into Maclaurin’s series and evaluating the demestat x as shown in equation
1.5-33:

Examples of equation 1.5-32 are the series repiedisen
of the sine function (equation 1.5-34); and thesespresentation
of the cosine function. (equation 1.5-35). Notic for small
arguments, the value of the sine approaches tisraagt, and
the cosine approaches 1.

sin(x) = x-x33!+x5%5!... 1.5-34
cos(x) = 1-x%/2! +x*%/4!...1.5-35

34



The Computer

A Short Table of Integrals and Differentials
For convenience later in this
book Table 1.5-1 presents a table of|  Table 1.5-1 A Short Table of Differentials and bytas

some integrals and differentials of function [derivative integral ref. no.
functions. Extensive tables are found, [ P! X"Y(n+1) 1.5-36
for example, in the Chemical Rubber [77x 1/ In(X) 1537
Publishing Ca. Handbook of Chemistry 5™ cos0) “cos() 1538
and Physics1981 (hereatfter called the o5 [sin() S 1539
“Rubber Handbook), and in A Short — 0 Tset0 Tn(cos0)) 1540
Table of Integraldy B. O. Peirce, Ginn :
and Company, 1929. ¢ ¢ ¢ 1.5-41
In(x) 1/x x*In(x) - x 1.5-42
1 . 6 The Computer urv u*dv/dx + v*du/dx | u* v¥dx + v* u*dx [1.5-43

Mechanical arithmetic aids such
as the abacus are ancient. Leibnitz tried, unsstakly, to make a calculator, but Pascal, as a boy
invented a calculator to perform arithmetic forfaher’s accounting business. A major 19-thwsnt
advance in the development of the computer begdarBaibbage’'s and Jaquard’s programed weaving
looms. As late as World War Il, the state of thteraelectrical-mechanical computers was the Mark
| relay computer at Harvard for calculating artyiéables. John von Neumann made the major step
in the development of the modern computer by suggethat both data and the instructions for the
calculation be stored in the memory. The firsttetenic computer was built after the war at thevgrsity
of Pennsylvania, using vacuum tubes with a elgettiosnemory called a Williams tube. These compgute
were very unreliable, large and required a grealtafgpower. The development of the semiconductor,
also an outgrowth of the war, led to the inventibihie transistor which when manufactured in ireeept
circuits made the personal computer a practicality.

1.6.1 What The Computer Can Do

Calculations and Results Display

The typical personal computer vintage 2000 disglag@ormation on a 14-inch cathode-ray
tube (CRT) at aresolution at VGA (640 x 480 pixets 3 million dots) or SVGA (800 x 600). Manual
communication with the computer was by the keybgaumtk information transfers by floppy disks,
removable hard disks, CD-ROM disks, or by wiretligioa port; paper copy was via the printer. Inédiom
was stored temporarily in registers in the cergratessing unit (CPU), and in the random access
memory (RAM). Information is “permanently” storedread-only memory (ROM) the hard disk,
or tape. It was organized in groups called wondemosed of 16, 32, or 64 binary bits with 8 bits to
a byte (a character uses 8 bits). The CPU comampeogram counter that calls words from memory
that are identified according to whether they as¢ructions or data by their location in memorpeT
program cycled through the instructions one aire tuntil the program ends. The only arithmetic
that the digital computer can perform was addisoitraction, multiplication and division. Its pose
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was to store the numbers for calculation, perftsatithmetic operations, save and present thenafn.
It cannot perform higher mathematics with hardwhrg,can with software.

Computer Notation

The early input and output (I/O) devices were tgletvriters via punched paper tape. This
restricted the format to capital letters givingtis "E" for representing scientific notation. Egample,
the velocity of light: ¢ = 3.0*18 m/s is 3.0E10 m/s in the E notation.

Another change, brought by the limitations of formé#hat, traditionally, variables and constants
were represented by single letters that might saperscripts and subscripts. Multiplication wgsisied
by grouping letters together. Computer programsye@have seen, explicitly indicate multiplication
by an asterisk ( *). The use of multiple lettemnsvariables allows suggestive names that ma&e th
program easier to read.

When the computer performs operations, the orgeianity is: parentheses, functions, multiplioati
and division, and addition and subtraction. Pdreses assure the order of processing. They igentif
the arguments of functions e.g., sin@written as sin() to explicitly show the argument. Similarly,

(x*y*z) is written assqr(x*y*z).

Subscripted variables such@sare written as(i,j) and called a “dimensioned” variable. The
range of the andj indices must be declared in a “dimension” (DINgtetnent to allocate the proper
amount of memory.

1.6.2 The BASIC Language

Programs in this book are written in the BASIC laage that came with the disk operating
system (DOS) that controls the personal comBuiiére simplicity of BASIC results from the nearefish
instructions that are converted
into the language of bits for the
computer. In BASIC, thisis done
line-by-line by the interpreteér
Ainterpreted program must run Energy% | Integer +32768 using 2 bytes (16 bina
under BASIC, but compilers may — digits) __ :
be purchased to produce r)rogrt,ﬂ_nqEnergy& Double precision integef 2.1 trillion usi8dytes
that run independently of the Energy! [Single precision float +3.4E+38 accurateliow 7

. decimal places and use 4 byteq
BASIC language used for their — g e
Energy# | Double precision float +1.74E+308 accuratatiout 15

Table 1.5-2 Types of Variables used in BASIC
\Variable |Variable Type Range

=

y

preparation. decimal places and use 8 byteg
. Energy% | Alphanumeric one byte for each letter in the
Variables R string "

Comment statements,

MQBASIC can be found in the Microsoft Windows CDd®arching on the title.
"The BASIC programs included with DOS are of thizety
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identified by “REM” or * (tick) are not part of therogram, but provide remarks: information such
as the title of the program. A dimension statenbexgins with "DIM" followed by a list of variables
with the range of the variables in parenthesessapdrated by commas. For example, an indexed
variable may be written as Energy(from 0 to 99)vakiable designated in this manner means that
there are variables: Energy(0), Energy(1)... En@8ywhere each index identifies a number. Végmb
without the parentheses have only one dimensiathe@ame represents a single value (until chgnged
Table 1.5-2 indicates the types, ranges, and waeda$ variables used in BASIC.

Loops
Automatically repeating Table 1.5-3 Loop Structure _
calculations (looping) with Beginning FOR Index = Start TDO WHILE Conditior]
. . End STEP No.
parametric changes is one — .
of the most useful capabil- Index Initiation Not applicable Index = No. Index = No
ities of computers. Table Contents of Loop | xxxx XXXX XXXX
1.5-3 shows three types of Index Change Not Applicable Change Indek Change Inde
loops. Perhaps the most End of Loop NEXT Index Condition WEND

common isthe FOR-NEXT
loop (column 2). It begins
with FOR, names the index, its starting number,ramdber, the stepping increment, all in one line.
This is followed by the statements that are befferted by the loop with the end marked by NEXT
Index. Loops can be within loops but they mus#hditfferent indices and must not cross. A DO-loop
(column 3) begins with the key word DO and endblwiBoolean condition e.g. Index > Index maximum.
The initial value of the index may be assigned teetioe DO statement (otherwise zero will be assumed
in BASIC). The index must be modified, but not @egarily by incrementing, and the loop end is
indicated by a condition for exiting the loop.

A WHILE-WEND loop (column 4) also requires the ixd® be initialized. It begins with
WHILE and a Boolean condition for entry and conting.to loop, it also requires an index modification
statement; the end is indicated by WEND.

GOTO Statement
When the program comes to the key “GOTO Addreks,ptogram jumps to the Address which
may be a name or a number followed by a colon piiagehe line of code addressed. Loops can be
constructed with GOTO statements by using

the GOTO inaIF statement. The GOTO statemept _
has a bad reputation because of abusive use that_120!e 1.5-4 IF and CASE Condition Statements
results in "spaghetti” code i.e. code that wandef§ Condition THEN | SELECT CASE Variable
around and is difficult to understand and validatg.-Lines of code CASE V1, V5, V6 Code
ELSE Condition 1 CASE V2 Code
If and Case Statements ...Lines of code CASE V3 Code
ELSE Condition 2 CASE V4 Code
Previously, a Boolean condition determinedenNpiE END Select

whether to enter or continue in a WHILE-WEND
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loop, or exit a DO loop. Conditions may be plaoadvhether or not to execute some lines of code
according to a Boolean test. Table 1-5.4 showsaays. Column 1 depicts the one most commonly
used. It begins with IF followed by the Booleamdiion to be satisfied, followed by THEN. If the
action to be performed can be placed on the remaifithis line, this is all that is needed. # ttondition

is notsatisfied, the nextline is executed. If thatekhs to be performed requires one or more lines,
the endis indicated by END IF. Subsequent tegfimlvith ELSE IF and the condition. The lastraliive

is labeled ELSE, that which is to be done and erye&ND IF.

A more compact way for performing multiple altemes is column 2, SELECT CASE Variable,
where Variable names the variable (V in the tatdd)e tested which, if true, causes the subsequent
code to be executed. If the testis simply nunob&tter matching, the word CASE precedes the test
value. If it is a Boolean condition, CASE IS ids.g. CASE IS <1.

There are many other commands used in BASIC tHabeviearned by doing.

1.7 Summary of Chapter 1

This background chapter introduced units of measemg their evolution, techniques for checking
and conversion. An application of dimensional gsiglwas demonstrated in which the equation for
a simple pendulum was obtained (except for norratibm) without any physics - just by inference
from the units: length, mass and time. These umts presented as the fundamental units out affwhi
others are constructed. We saw that physics leasdrel remains the servant of man. Examples cited
here were: the development of accurate time meawmsns for the exploration of the earth and the
telescope for planetary motion. Since physicaseld on numbers and space, several coordinatmsyste
were presented that evolved from map-making. ©hegaiter, a recent servant of man, was demonstrated
by generating and plotting geometric figures. Gbmmputer provides a convenient way to study what
happens when parameters are changed and in aiseaséde our home laboratory for performing
numerical experiments. The chapter concluded aibhief review of 2000 years of mathematical
development to be used later.

1.8 Resources for Chapter 1

In designing this chapter and laying out the plathe book, numerous excellent texts were
consulted. The texts were White, 1947; Hausmadiséack, 1947; Halliday and Resnick, 1988; Adair,
1975; Atkins, 1972; and Feynman et al., 1963. Hm@wéhese do not show physics’ historical and
logical development. In this pursuit, the natisedinning is with of units of measure using infotio
from Boorstin, 1983; Newman, 1956, and articléserEncyclopedia Britannica, 1974 and the Encydiape
Britannica, 1956. Information on the developméntacks drew on Milham, 1944; dimensional analysis
drew from Encyclopedia Britannica, 1974, and Bridgn931, the mathematical review drew from
Heineman, 1947, and Underwood and Sparks, 1948.
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1.9 Problems

1. Converting units:
a) What is your weight in Newtons?
b) How many wavelengths of red cadmium light eqyals height?
¢) Astronomers define a unit called a parsecéodistance
such that an astronomical unit (AU), the mean disteof the Earth
from the Sun which is 149,501,201 km, subtendsdrstof arc. How
long is a parsec in kilometers ?

2. Trigonometry: Figure 1.9-1 shows triangle diat is not ¢ b d
arighttriangle, Use the Pythagorean theorerhbteorothe law of cosines:
c2 = a2 + b2 -2*a*b*cos. Hint - a+ecd is a right triangle. A h .

3. Measuring the Earth: Referring to Eratostheneasurement
of the Earth’s diameter, when the sun cast a shatiow4' in Alexandria, Fig. 1.9-1 Triangle for the
no shadow was cast in a well (presumably pointitigeeEarth's center) Law of Cosines
believed to be 574 miles due south of Alexandria.

a) Repeat Eratosthenes' calculations for the Badthmeter.

b) Suppose Eratosthenes could find no well radidl thie sun but there was an obelisk
located 494.6 miles due south of Alexandria that aaf shadow when the one in Alexandria casts
the 7 14' shadow. Calculate the Earth's diameter wigsdlfacts.

¢) Compute the estimated error in calculating ta#tEs circumference using Eratosthenes'
method (problem 3a) assuming plus or minus onetaimcertainty in the angular measurement and
+10% error in the distance measurement. Hintdta derivative is the sum of the partial derivas
times the uncertainty in the independent variabéelun the partial. Combine the results in "quizmled
i.e. as the square root of the sum of the squameisibuting to the uncertainty.

4. Dimensional Analysis: Determine the form of tetationship for the period of a spring
pendulum. The dimensions for the spring constemtace per length or M*L/T2.
5. Series:

a) Divide 1+x into 1 using long division and obtairseries in x.

b) One of Newton's prized discoveries was the Biab8eries given as equation 1.5-42
which he discovered as a teenager, where the canabial factor;,C, is given by equation 1.5-43.
nx(n-1)*x2xyn2

(x+y)* = x"+n*x"_1*y1+ 5

ot nCpxay™ 1.5-42

B n!
Equation 1.5-42 is easily verified when n is arger, nCy = (n—j)! !

but it is also valid when n is negative or a fi@at Verify
your answer to 5a using equation 1.5-42.
6. Integration: Integrate the series producecablpm 5a term-by-term to get a series th/(1+x).
7. Differentiation: Demonstrate that the binonsiaties (1.5-43) is true using the Maclaurin

1.5-43
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series.
8. Computer Program:

a) Write a computer program that integrates siingx) x = 0 to 1 by slicing the function
into rectangles.

b) Compare the results from 6a using 2, 4, 8 arstlddés with integral tables to determine
the error in this method as a function of the nunolbslices. Notice that the number of slices ahejse
on how fast the function varies in the interval.

c) Compare the results from rectangular integratitimthose obtained from Simpson's
rule.
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