What is Physics

When my daughter Elena was quite young, | remember her imguas to what
my profession was. | told her that | was a physicist. Her naxsgion, which, of
course, was quite obvious, was, “What does a physicist doifidmt hesitation | re-
sponded,“Physics.” Her next question was not so easy toem&he wanted to know
what physics was. Although | do not recollect how | answeredi&st question, | sus-
pect | mumbled something about the basic structure of thesuse, or the laws which
govern its behavior, and then quickly changed the subjdat.Word physics is derived
from the Greek wordvoic whose translation is nature. Hence, physics is the science
of nature. Being a science, physics is, therefore, the ndetogy for studying nature.
In this context, physics can be considered a tool for solyraplems dealing with
natural phenomena. | would, however, restrict this interpretatibphysics to apply
only to problems whose solution, at least in principle, careRpressed numerically.
The use of the word nature in the definition of physics may bestaed by some as
flagrant since everything that occurs is a natural phenoméstberwise, it would not
occur) rendering this definition of physics impracticahcs it includes all phenomena.
In spite of its generality there are problems which appeatafall within the scope of
the physics methodology, e.g. determining the meanindeft IAlthough not applying
to all problems, the physics methodology can be applied kdgrepa broad spectrum
of problems which traditionally have not been considergahgsics problems. Indeed,
physicists study problems in chemistry, biology, econanaitd finance, and Complex-
ity, an area of study relevant to a variety of topics rangnog the construction of ant
hills to the workings of the brain.

Throughout my career as a physicist, the types of physidd@mus/research which
have piqued my interest have spanned the gamut, rangingdrobbems in traditional
areas of physics like quantum theory or relativity to naaditional areas like eco-
nomics, finance, or food science. | would now like to discassome detail a problem
which recently gained my interest. This problem is notetlwih that it demonstrates
how the physics methodology can facilitate solving a probighose relationship to
physics appears to be weak, at best. My wife decided that shdvike a lighted
walkway, leading from the front porch of our house to the eénray. Furthermore, she
wanted the walkway to be constructed of brick pavers. Thogggot was not the typical
project to be undertaken by a homeowner lacking experielitbeprojects of this type
for a number reasons, including the fact that there weregerdrainage and erosion
problems that needed to be addressed and that the walkwdyg euwnearly 150 feet
long.

The procedure for constructing such a walkway involves grajion of the site
where the walkway will be located, involving excavation dedeling of the site and
attending to any potential drainage problems. Then, a lajéabric (geotextile) is
laid over area where the walkway will be located. Limestoggragate, consisting
of gravel ranging in size from dust 1%) inch diameter is placed on the geotextile and
compacted. Edging, which constrains the pavers from movintpen secured to the

1Actually, it is not universally accepted that the meaningifefcannot be quantified. For example, in the
novel The Hitchhikers Guide to the Galaxy by Douglas Adams the computer Deep Thought has determined
that the meaning of life is 42.



groundthroughthe aggregate.Finally, the pavers,which are full sizedbricks, and
paver-likelights areplacedwithin the edgingon abedof sand.Thejoints betweerthe
bricksarethenfilled with fine texturedsand.Only theedgingandsandkeepthe pavers
from shifting. Thereis no mortarused. The proceduresor constructinghe walkway
arewell-establishe@ndstraightforwardat leastin principle.

Beforebeginningheprojecttherewasa questiorof decidingwhattheshapeof the
walkway shouldbe. It seemedeasonabléo assumeahata walkway whosedirection
changedslowly andsmoothlywould be estheticallynorepleasinghanonewhosedi-
rectionchangedjuickly andabruptly. | foundthatbecausef the considerabléength
of the walkway, it was extremelydifficult to achievethis effect by sightalone. The
primaryproblemwasthatalthoughit waspossibleto constructa walkwaywith thede-
siredcharacteristiceversectionsconsistingof shortdistancesi.e locally, whenthese
smallersectionswereconsideredn total, i.e. globally, the overall shapeof the walk-
way waslackingin the desiredesthetics.Onesolutionto this problemwasto require
thatthe shapeof the walkway be an arc definedby an analyticfunction, specifically
onewhoseendpointscorrespondo the beginningandendof thewalkway andwhose
derivativesexisteverywheréoetween.The solutionto this problemis not unique. Af-
ter surveyinga variety of sourcesof informationdiscussinghe typesof curvesused
in landscapelesign,| foundstraightlines, ellipses,ncludingcircles,andparabolago
bethecurvesused primarily. Thereasoris possiblythatthesecurvesareamenableo
straightforwardyeometricatonstructions.

An arc of a parabolaseemdo be especiallywell suitedfor definingthe shapeof
a walkway, becausesomeconstraintgplacedon a walkway constitutethe initial con-
ditionswhich uniquelydefinethe arc of a parabola.Typically, the conditionsplaced
onthewalkwayincludethelocationswhereit beginsandendsandthedirectionof the
walkwayat eachof thesdocations.It canbe shownthattheseconditionsaresufficient
to definea uniqueparabolavhich passeshroughthetwo givenpointswith its tangent
at eachpointin one of the specifieddirections. Thus, | initially chosethe parabola
to definethe shapeof the walkway, not only becausef the aforementionedeasons,
butalsobecaus¢heparabolicshapeseemedo providethenecessarpendingthatwas
requiredto circumventobstaclesvhich preventedhe walkway from being straight.
Unfortunately,the paraboladeterminedoy the conditionsapplicableto the walkway
passedoo closeto a clusterof treesmakingit unsuitabldor thewalkway. Becausehe
generalhapeof the parabolaseemedappropriatefor the walkway, | soughta solution
which not only satisfiedthe sameinitial conditionsasthe parabolabut also allowed
oneadditionalinitial condition: the specificatiorof anothedocationthroughwhich the
walkway would pass.This locationwould be selectedasto avoid the clusterof trees
interfer-ing with the walkway. One way to accomplishthis would be to define a
collection of curvesparameterizedn sucha way that for a particularvalue of the
parametethe solutionwould reduceto the parabolicsolution,andfor othervaluesthe
curveswould be constrainedo passthroughspecificpoints. Thereis no uniqueway to
accomplishthis. | decidedon a particular solution to the problem basedon an
analogous physics problem.

A problempresentedh introductoryphysicstextsis the motionof projectileunder
theinfluenceof a constangravitationalffield. In this problemthe projectileis moving
initially, (attime,¢ = 0 ), with somevelocity, 7, in anarbitrarydirectionandunder-
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Figure 1: The initial conditions defining the theoreticat aised in constructing the
walkway. The pointsP, and P, are points where the arc begins and ends. The unit
vectorsE, andE; are vectors showing the direction of the tangents to thetayoiats

Py andP;. The pointP is the point through which the arc is constrained to pass. The
quantity L’ = Z—“L , WherelL is the distance between poins andP;. For a given

+2
value ofrn the direction of the unit vectat,, is obtained, as shown in the figure.

goes a constant acceleratia, Itis well known that the trajectory of the projectile is
an arc of a parabola. Consider the following generalizatittiis problem. The pro-
jectile is subject to the same initial conditions, but theederationg, is @ = agt™é,,
where—1 < n < oo, andé,, is a unit vector whose direction depends on the value of
n, in a way to be given below. The value= 0 corresponds to a parabolic arc. This
problem can be recast in a different way, which although pdssically appealing, is
more amenable to the solution of the walkway problem.

Given three pointd, P, and P on a plane and, in addition, directions specified
by the unit vectorsy, and E; at the pointsP, and P, respectively. It can be shown
that for suitable values afy, ag, andn

aotn,+2
n+1)(n+2)

where0 < ¢ < 1, defines, in general, an arc such th&d) is point P, (1) is point

Py, andF(Z—i;) is point P. Furthermore, the tangents to the ar¢@) and+(1) are in

the directions of, andE;, respectively. The unit vect@;, depends on the values of
Vg, ag, andn. In Figure 1 | show the relevant geometry of a typical example
Application of this theory to the walkway problem is strdifgiward, in princi-
ple. The points?, and P; correspond to the beginning and end of the walkway. The
location of pointP is chosen judiciously to avoid the cluster of trees situatethe
landscape. The walkway begins at a small, rectangular feo constructed of brick
pavers) in a direction, denoted by the unit veckr perpendicular to the patio. The

7(t) = votFo + én (0.1)



Figure 2: A section of the completed walkway. Approximat8lyfeet of the walkway
is shown. The entire length of the walkway is nearly 150 faethe foreground is the
beginning of the walkway (poin®, ), where it connects to the patio. The poihthas
been selected so that the walkway passes to the left of the thaes in the midst of the
rip-wrap (limestone boulders). The end of the walkway, péin is not shown.

walkway ends at an existing driveway perpendicular to theation of the driveway.
The direction of the walkway at the driveway is denoted byt uattor £;. Figure 2
shows approximately 95 feet of the constructed walkwayure@® shows the theoret-
ical fit of Equation 1 to the initial conditions constrainititge walkway for the section
of the walkway shown in Figure 2.

The final walkway deviates from the theoretical curve beeafsnaccuracies in-
herent in plotting a function spanning such large distarmes terrain which is not
flat. Nonetheless, the final walkway approximates the th@alecurve closely enough
to achieve the desired sense of esthetics.

I have shown how physics principles can be applied to solveblem which tra-
ditionally falls outside of the realm of physics. This is a@mmple of what appears to
be a current trend: applying the physics methodology to &widss of problems, not
typically thought to reside within the physics domain. A rhanof years have passed
since my daughter questioned me about my profession. Myeaftion of what con-
stitutes physics has evolved over the years. Now, if | amdisk®hat is physics?” My
answer is, “Any problem a physicist attempts to solve.”



Figure 3: The theoretical arc used in the construction ofwhé&kway. Shown is the
theoretical shape of the walkway (See Figure 2.) based omtieaul. The values
of the parametersy, ay , andn are calculated from initial conditions obtained from
measurements made on site.



