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Visualizations within physics education are critical for learning physics and can be
realized in a classroom with experiments, demonstrations, digital tools, mathemat-
ical analysis, or other representations, all with different levels of abstraction. This
project aimed to determine whether the concept of field (i.e. electrical, acoustic, or
optical fields) can be demonstrated, visualized, and applied in various experiments.

In the first Paper, an experimental setup for visualizing charge particles’ motion
in an electrical field was built. Designed learning activities were performed, and
the effects on Swedish upper secondary school students’ conceptual understand-
ing were tested. This work shows that students’ understanding of the interaction
of charged particles with electrical fields increases more than without if a lecture
includes an experiment that visualizes the phenomenon, either live or videotaped.

In Paper II a remotely operable optical trap was realized and used to levitate and
investigate charged droplets remotely from a classroom. Visualizing and measur-
ing many fundamental physical processes are described. The motion of charged
particles in electric fields and the photon pressure of light is described as well as
how it can be safely demonstrated for a class.

In Paper III, an optical trap is used to visualize the electron’s quantization. In this
work, it was shown that the effect of a single electron addition can be magnified
and observed by the naked eye and measured with a ruler analogous to Millikan’s
experiment. The droplet is optically trapped and uncharged in an alternate electric
field by an alpha radiation source. A strong electrical field was applied and as the
uncharged droplet gained charges from the ionized air it jumped a well-defined
step depending on how many electrons were added. The smallest jump corre-
sponds to the addition of one electron, 1.e. one elementary charge, and longer
jumps are multiples of this.

Finally, in Paper 1V, a new type of experimental method to determine the volume
of microliter-sized droplets in acoustic fields is described. By using a simulation
of the acoustic field to assist in setting the cavity length a fast and self-calibrated
method is presented.



Lo yooigiiooy

Visualiseringar inom fysikundervisning dr kritiskt for inldrning 1 fysik och kan ut-
goras av experiment, demonstrationer, digitala verktyg, matematisk analys och an-
dra representationer som alla har olika abstraktionsnivd. Denna avhandling syftar
till att avgora om fysikbegreppet, filt (ex. elektriska, optiska eller akustiska falt)
kan demonstreras, visualiseras och anvindas i olika experimentella uppstéllningar.

Framtagandet av en experimentell uppstéllning for att visualisera laddade partik-
lars rorelse 1 elektriska félt beskrivs i Paper I. Designade ldrandeaktiviteter genom-
fordes med svenska gymnasieelever och effekterna pd deras begreppsforstaelse
testades. Detta arbete visar att elevers forstéelse for laddade partiklars rorelse i
elektriska filt 6kar mer om fenomenet under genomgangen visualiseras med ett
experiment antingen live eller p4 film.

I Paper II beskrivs uppbyggandet och anvindandet av fjirrstyrning av en optisk
falla for att finga laddade droppar och hur detta kan styras och undersokas frén
ett klassrum. Visualisering och métning av flera fysikaliska processer infattas 1
experimentet. Laddade partiklar i elektriska filt och fotontryck fran ljus beskrivs
samt hur det pé ett sidkert sitt kan demonstreras i ett klassrum.

I Paper I11 visualiseras kvantiseringen av elektronens laddning i en optisk félla. Ef-
fekten av enstaka elektroners addition till en fingad droppe forstorades och kunde
observeras med bara 6gat och méitas med en linjal, analogt med Millikans exper-
iment. Den laddade droppen fadngades och laddades ur, 1 ett vixlande elektriskt
filt, genom alfastrdlning. Eftt starkt elektriskt filt anvdndes och addition av elek-
troner till den oladdade droppen frdn den joniserade luften gav upphov till diskreta
hopp vars storlek berodde p& hur manga elektroner som adderades. Det minsta
hoppet motsvarade tilligget av en enda elektron, d.v.s. en elementarladdning, och
storre hopp var multiplar av detta.

Slutligen beskrivs 1 Paper IV en ny metod att anvénda fOr att bestimma akustiskt
fangade droppars volym. Genom en simulering av det akustiska filtet kan rétt
langd pa fillan stéllas in och didrigenom kan en sjidlvkalibrerande médtmetod pre-
senteras.
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I am a secondary school teacher in physics and mathematics at Klara gymnasium
(formerly Hermods gymnasium in Gothenburg) since 2013. In 2017 I was ac-
cepted to the interdisciplinary research school Center for Educational Science and
Teacher Research (CUL), a research school for already working teachers. Since
then, I have worked about half-time at each workplace and about a year of parental
leave. I am grateful for this arrangement as it provides, me, with a perfect balance
between professional development, theoretical input, and practical work. CUL
aims to develop us, students, into independent and analytical researchers with the
ability to plan, implement and present scientific projects that investigate the fields
of knowledge development, teaching, and education. In addition, we will develop
expertise in scientific methods in science and education and an awareness of their
respective theoretical frameworks. CUL is also a community of graduate students
who meet, truly interdisciplinary, at gatherings, conferences, and in the compul-
SOTY courses.

This thesis is therefore an interdisciplinary work, in which I have tried to give my
subjective theoretical position as a researcher in pedagogy and the scientific objec-
tive language in science. Experimental setups for visualization of phenomena in
physics as a research subject have provided excellent and interdisciplinary collab-
oration with researchers from many different fields. However, due to Covid-19,
classroom studies have been out of the scope in recent years, and my research dur-
ing this time has been weighted in favor of more classical experimental physics.
It’s my goal in the second half of my research to bring the experiments into the
classroom and investigate how they can contribute to and improve learning and
teaching. Enjoy your reading!

Regards, Andreas
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Much focus within physics education research (PER) directs toward investigations
of how to teach conceptual understanding of physics with methods that allow repli-
cation [1]. Successful interventions to enhance students’ development of concep-
tual understanding combine PER results with cognitive psychology and knowledge
about the brain [1-6].

In the physical world, many things are too small to be seen by the human eye.
Visualizations are needed for them to be well understood. Observation of physical
phenomena has together with other visualizations been found critical for learning
physics and learning to do physics [6, 7]. Visualizations are helpful to understand
particle-field interactions and small-scale phenomena such as quantization.

The idea of quantization is central to our understanding of the microscopic world.
Some examples exist of visualized quantized phenomena, including quantized vor-
tices [8], collisions of ultracold ground-state molecules [9], and the quantum ground
state [10], but still more experiments to visualize quantization and other quantum
phenomena are needed.

Visualizations can be realized with digital tools and mathematical analysis but
at the cost of introducing a higher level of abstraction than direct observation. Ex-
amples within PER include Phet simulations used for active learning [4] and ex-
perimental setups or videos thereof [11]. The visualizations could also be made by
observing and experimenting with an analog macroscopic object that behaves sim-
ilarly to the object of study or by enhancing the microscopic effects on macroscopic
objects. Experimental setups with electrical fields, optical fields, or acoustic fields
in the presence of gravitational fields offer opportunities to visualize and study
many concepts from the core content of the Swedish upper secondary physics cur-
riculum [12] enlisted in Tab. 1.1. The motion of particles in electric fields is part of

1
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01000 Core content in the subject of physics in Swedish upper secondary school [12].

[ 000000000 [

Equilibrium and linear motion in homogeneous
gravitational fields and electrical fields
Two-dimensional motion in gravitational fields and electrical fields.
Work, force, potential energy and kinetic energy to describe different
forms of energy: mechanical, thermal, electrical and chemical energy,
and also radiation and nuclear energy.

Electrical energy: Electrical charging, field strength, potential, voltage,
current and resistance.

Reflection, refraction and interference of light, sound and other wave motion.
Harmonic oscillation and resonance with applications in everyday
life and technology.

Orientation to electromagnetic radiation and the particle properties of light
Wave and particle descriptions of electromagnetic radiation.
Orientation to propagation of electromagnetic waves.
Photoelectric effects and the concept of photons.

the curriculum, but few experiments straightforwardly visualize the phenomenon.
For charged particles, there is a classical experiment based on electrons acceler-
ated in a cathode ray tube into an approximately homogeneous magnetic field, pro-
duced by Helmholtz coils. The magnetic field exerts a magnetic force on electrons
moving into the field of the cathode ray tube filled with noble gas at low pressure.
When electrons collide with the noble gas, fluorescence is produced in the visible
spectrum. The experiment was first used by J.J Thompson when the electron (cor-
puscles) was discovered, in 1897 and is often used in physics education to measure
the specific charge of electrons (00J) [13, 14]. Other demonstrations than cathode
ray tubes to visualize charged particle interaction with electrical fields are lacking.

The use of a laser to move and trap macroscopic objects, due to the fact that
light (photons) carries momentum, was first reported by Nobel laureate A. Ashkin
and J. M. Dziedzic in 1971 [15]. Many of the mentioned physical phenomena can
be studied using optically levitated droplets, since they can be optically trapped
and controlled, making experiments using optical levitation interesting for school
applications. However, many schools and institutions cannot afford the required
equipment and since there are specific risks in the hands-on operation of the pow-
erful lasers and high-voltage supplies needed, it is inappropriate to handle in a
classroom.

Acoustic traps use the interference of sound waves to produce pressure differ-
ences in a media that give rise to acoustic forces strong enough to counteract grav-
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ity and keep a small object such as a droplet stable. Droplets have a dynamic shape
that changes with differences in the surrounding pressure and these droplet defor-
mations and positions can be used to gain information on the acoustic field as well
as droplet sample properties [16]. This fact enables the study of droplet resonances
driven by the acoustic field [17]. Vice versa, a known acoustic field can also be used
to gain information about the shape of droplets.

Measurements of droplet volume in an acoustic trap are often performed using
diffraction patterns from an external laser or via image analysis calibrated by a
precision-produced spherical bead but few or none use a known acoustic field to
measure droplet volumes which could get rid of the limiting need to re-calibrate
if equipment positions are altered. Versatile measurements of droplet shape di-
mensions could be useful for various student labs as well as for research within
chemical microanalysis, spectroscopy studies, and evaporation studies [18, 19].

Acoustic traps can nowadays be 3D-printed and assembled locally at a school
and driven using ordinary school lab equipment, piezo-disks or Arduino equip-
ment [20, 21]. Videos of experiments for demonstration of physical phenomena
during learning activities are used within PER as another way to easily make ob-
servations possible in the classroom [6]. Comparisons of live and video demonstra-
tions of physical phenomena and the effects of learning are lacking in the literature
with some exceptions [22, 23].

Remote laboratories have since the advent of the Internet in the 90s offered on-
line remote access to real laboratory equipment. These laboratories offer exper-
imental activities without exposing users to the risks of operating the equipment
manually [24]. Students get training in operating computer-controlled systems,
important to participate in research, development, and industry. Remote labora-
tories offer a solution to both the financial and safety issues that traditional labs
present and can provide many interesting experimental opportunities otherwise
out of reach for schools [24].
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This thesis aims to develop research equipment visualizing particle-field interac-
tion and their applicability as teaching tools. To investigate this aim, my licentiate
thesis revolves around the following specific objectives:

1. Are students’ conceptual knowledge increased as the teacher uses an ex-
perimental setup to visualize particle movement in electrical fields directly
or via a movie clip, compared to a classical lesson without any experiment
available?

2. How can experiments to visualize important physical phenomena, but with
expensive or inappropriate equipment, be made available to use in a class-
room?

3. Can the quantization of the elementary charge be visualized directly to the
students?

4. Can self-calibration of volume measurements of acoustically trapped liquid
droplets be realized using low cost equipment?
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In this chapter, variation theory is described with key concepts. Then, the con-
ditions necessary for students to develop conceptual understanding and some of
the mechanisms in the brain that contribute to this are described. This leads to a
model for thinking about how pupils develop their conceptual understanding. Fi-
nally, this synthetic model is contrasted with an established teaching framework as
a motivation for lessons with experimental setups that can contribute to the devel-
opment of students’ conceptual understanding concerning the observed physical
phenomena.

00 fooiotigd thopod

What if, you had no previous experience with whiteboard pens or any similar
objects? You simply lacked any previous experience to draw upon, to construct
guesses about what might be important about these things occupying your field of

view.
&l Vo727
‘ Marker ... 200 ng’l ”

UICD0OMM Unidentified objects with unknown attributes.
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Then the question of what the objects in Fig. 2.1 are, and the description of them,
would be rather poor.

To notice important attributes of objects we can make comparisons, where one
attribute is varied at a time. As we do this, we change the way we see objects. In
Fig. 2.2 such a comparison is made possible. Our description of the objects can
now be a little richer.

We now know the thing on the left (top) can change color because the contrast
made us able to discern it.

&l Vaker... 7.2

Marker ....... 227

OICD0OOO Contrast of the two objects’ attributes makes the left (top) of the unidentified
object discernible.

In Variation theory learning has happened, when students have changed their
way of seeing something [25]. In the case of the whiteboard markers, it was possible
to discern that there can be a variation in the colors of the caps. The property cap
color, can via further examination be linked to the markers’ writing color and be
discovered to be an important attribute. This example is chosen to demonstrate
contrast (described more below), a central principle within variation theory.

Variation theory was developed by Ference Marton, building on ideas from phe-
nomenography [26, 27]. The framework has been widely used in Learning studies,
a combination of the two educational research methodologies Lesson study and
Design Based Research (DBR) [28]. In variation theory, the focus is on the what
question. What should the student learn, to reach the objectives of the course?
This ”"what” is called the object of learning [25]. Any phenomenon has its distin-
guishing and defining attributes, that need to be discerned to understand it in a
certain way. Different learners can often already discern some of these attributes,
but not all. Trivial phenomena such as triangles can easily be defined by their an-
gles and sides, whereas their translation or rotation does not matter.

To understand the object of learning, its critical aspects need to come into our
awareness at the same time. Then, we can perceive (discern and attend) the whole
and all its parts at once [25, 28, 29]. This is achieved through the process of fusion
when variation in all critical aspects is experienced simultaneously. First, however,
two other processes need to take place; the already mentioned contrast and then
what’s called generalization (explained below). These processes are subjective in
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the sense that they happen between the learner and the object of learning [28], and
thus how the critical aspects are made visible for each student have to be investi-
gated. Indications of what the critical aspects are can also be found via literature
reviews [30]. Research on previously shown learning difficulties concerning the
object of learning can inform the initial investigation of its critical aspects [30].

When a feature (blue cap on whiteboard pen) is contrasted with one or more
other objects or events, where only this feature is varied, it is possible to discern
that feature [25, 28]. A dimension of variation has then opened up (if the feature
values are variations within a critical aspect) and this is argued to be essential to
make the learner aware of aspects (cap color indicates marker color) of the object
of learning. Via the principle of contrast, the experience of seeing critical aspects
one after the other can make us aware of their existence. However, this is not
enough, but also generalization is needed.

Generalization means refining the boundaries of the object of learning, such as
contrasting whiteboard markers with permanent markers. They will, as experience
taught many teachers, look the same, but the effort to erase their marks differ a
lot! Generalization means also paying attention to those aspects, that has been
invariant through all observations. To do this, they must first be discernible for the
student. Even the non-critical aspects must then, first be visualized through con-
trast [28]. If we would compare even more whiteboard pens from different man-
ufacturers, for example, this would be possible, as we would find out that shape,
manufacturer, information text color, and other attributes might be non-critical to
understand how to use them. Then, as all these other variations occur it is possible
to experience what is critical and what is not, and separate the object of learning
from its environment in our awareness [25].

Using a pattern of variation and invariance, as students observe physical phe-
nomena, the critical aspects can be made visible through the principles of contrast
(separating critical aspects of the object of learning), generalization (separating
critical aspects from non-critical aspects and the object from its surroundings) and
fusion (experiencing the whole and its’ parts simultaneously).

The differences in learning outcomes observed in most classes are according to
variation theory, due to students’ ability or habits to contrast their observations
with their current understanding. Thus, to improve the overall understanding in
the class, it is up to the teacher to explicitly show the contrasting examples needed
to make the critical aspects, of the object of learning, discernible for the students
[25]. Lo emphasizes, that even this is not enough as “teaching is an integrative
act and not simply the application of patterns of variation, and thus whether the
intended effects of patterns of variation are brought about also depends on the
choice of appropriate teaching strategies and teaching approaches” [25].
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To analyze a lesson or a sequence of lessons, using variation theory, one focuses on
how the object of learning was handled with respect to the student group before,
under, and after an intervention [31]. The ability students should develop and the
relevant conceptual knowledge needed, as well as the variation patterns needed
to bring these about are altogether considered as the intended object of learning.
The pattern of variation and invariance, realized by the teachers’ and students’
activities during the lesson is called the enacted object of learning [31]. The learn-
ing outcome after the lesson can be gauged e.g. by students’ answers to pre- and
post-test questions, and is called the lived object of learning [31]. Student answers
on the pre-test questions can contribute to the intended object of learning, as it
gives insight into student pre-knowledge and can thus be considered in the design
of the lessons’ pattern of variation and invariance [31]. If the pre-test instead is
conducted during the lesson it will be part of the enacted object of learning as it
will not inform the planning but rather the lessons enacted pattern of variation and
invariance.

00 0000000 000 0oobitdoooob 0o buoobbooa
0ooootiboonmg

Understanding how concepts form in memory and how they are used to
reason provide useful insights in devising instructional interventions to
help students adopt and use scientific concepts [5].

The mental work of constructing conceptual understanding and abstractions is
carried out in the front cortex (see Fig. 2.3) by the executive functions and pri-
mary the working memory [32-35]. The function and effectiveness of the working
memory and other executive functions of the front cortex are regulated by neuro-
transmitters. Dopamine is the key regulator for this type of learning [36, 37].

Dopamine is released from the ventral tegmental area in response to our percep-
tion of our ability to perform rewarding in the current situation [38, 39], triggering
goal-directed behavior guided by our conceptual understanding in simulating ac-
tion effects and making decisions [40]. But this release is impaired as we perceive
too much stress or pressure. Then the amygdala activates other memory mecha-
nisms connected to punishment [41]. Memories from such situations will not con-
tribute to conceptual understanding but instead, introduce feelings of familiarity in
similar situations and cause averse behavior [39]. In such situations, the dopamine
needed to activate neurogenesis (production of new neurons) in the hippocampus
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$POUFYUBOEDPOTUSVDUJPO PG DPODFQL

'JHVSF.PEFM PG UIFCSBJOBOE TPNF GVODUJPOTJNQPSUBOU UP (
NBUJPO BOE NFNPSZGPSNBUJPO

BOEUPBDUJWBUF UIFPQFSBUJPOT PG UIFFYFDVUJWF GVOL
JTINQBJISFBIF FYFDVUIJWF GVODUJPOT IBWF CFFO TIPXO OFI
BMHFCSB GPS TbJFOUJab QSPCMFN TPMWJOH UP DPOTUSVEL
UIFN UP DPOTUSVDU BSHVNFOUT GhS>TBIF@CIMIBEBIFP QTP
DPODFQU EFQFOEFOU SFBTPOJOH JT B TUSPOH QSFEJDUPS
BCIMI®ZXJDI JOEJDBUFT UIF DPODFQUVBM VOEFSTUBOEJO
XJUI SFBMJUZ

%VSIJOHDPODFQU GPSNBUJPO UIFIJQQPDBNQVTJT WJUBM
UIFQBUUFSOT GPSNFECZUIFFYFDVUJWF GVODUJPOT XPSL
[JHI QMBTUJDJUZBOGK IPOAd EJTUSIJCVUIJOHUIFNUP MPOH UF
NFNPSZEVSJOHTMPX XBWFTMFFQ BDDPSEJOHUPUIFQSFWI
OFPDPSUJDBM NFNPSZ BPRITPDFOBRISBEBFMGVODUIJPO PG UIF IJ
GVODUJPOJOUIFGPSNBUJPOPG DPODFQUVBMEOBPSTUBOE
JOHJUJO MPOH UFSN NFNPSZ DBO CF GVSUIFS FOIBODFE C.
< >

*O TVNNBSZ CSBJO SFTFBSDI TVHHFTUT UIBU TUVEFOUT XJ
HFSFE CZ UIF FYQFDUBUJPO PG SFXBSE EVF UP SFQFBUFE F
BDIJFWFNFOUT JODP PQFSBUJPO XJUIPUIFST XJMM IBWF JC
WFMPQJOHBOEJNQSPWJOHUIFDPODFQUVBM VOEFSTUBOEJ
JUJFT PG SFBTPOJOH BOE QSPCMFN TPMWJOH EVSJOH FEVDI
BOEFYFSDJTFIBCJUT XIMM GVSUIFSJODSFBTFUIFTF QSPCB



$IBQUFS SIFPSFUJDBM GSBNFXPSLJO FEVDBUJPO SFTFBS

UuyPXFWFS FWFOJG UIFUFBDIFSJTWFSZDBSJOH UIF TUVE
UP MFBSOBOEUIFFOWJSPONFOUPGUIFDMBTTSPPNJT WFS:
CZBEWBODFEUFDIOPMPHZJGTUVEFOUTEPOPUIBWFUIFPQ
JDBM GFBUVSFT PG UIF PCKFDU PG MFBSOJOH JO UIF DMBTT
JT TUIMM VOMILFMZUPTPRO\DPASRUGZ -P CFBVUJGVMMZ JOUSPE
UIFPSZBOEJUT DBQBDJUZUP JOGPSNUFBDIFST PO XIBUJT J
QFSIJFODFEVSJOHDMBTTUPJNQSPWFUIFQSPCBCIJMJUZPG
UIFPCKFDUPG MFBSOJOH BOEUIVT DIBOHFUIFJS DPODFQU'
NFDIBOJTNTBSFBUQMBZIFSF )PXEPFTWJTVBMJOGPSNBUJ
DFQUTBOEUIFJS SFMBUJPOTUIBUDPOTUJUVUFT PVS VOEFS
PSZDPOTJTUT PG NFUIPET GPSIFMQJOH TUVEFOUT GPDVT U
SFDPHOJ[FDSJUJDBMBTQFDUTBTDVFT UIJTRVFTUJPO OFF

/JTVBM JOGPSNBUJPO EFDMBSBUJWF NFNPS
UIFPSZ

/PUBMMDSJUJDBMBTQFDUTPGBOPCKFDUPG MFBSOJOH BS
CVU NBOZ PG UIFJIJNQPSUBOU DVFT BSF WJTVBM 8IFO XF VT
OPNFOPO WJTVBMJOGPSNBUJPO HBUIFSFECZ UIFFZF RVJD
IJFSBSDIJDBMMZ TUSVDUVSFE OFVSBM OFUXPSLT UIF WFOU
PO UIFXBZVQUPUIFGSPPREBPRISBEFYRDVUJWF GVODUJPOT JC
PVSOFVSPOBMOFUXPSLTIJOEFDMBSBUJWFNFNPSZTFOE QS|
USBM WIJTVBM TUSFBN UP NBUDI BHBJOTU NPSF HSBEVBMMZ
JUT XBZVQUIFMBLGFBENBUDI PDDVST EPXO UIF TUSFBN UIF TJ
TUIJNVMIJJTBUUFOVBUFE HSBEVBMMZEBNQFE CVUJG TPNF
UJPO UIF FYFDVUJWF GVODUJPOT SFDFIWF UPXFWFGBBM XJU
XJUIPVUBUUFOUJPO EJSFDUFEBUUIFTUIINVEMBNQBE XPB® U I
OBMJTUIFFGGFDUPG TP DBMMFE TUBUJTUJDBM MFBSOJOH
XPSLTJO EFDMBSBUJWF NFNPSZ aU XJUI SFBMJUZ CZ IBWJOI
QFSDFIWFEQBUUFSOT PSDPSSFDUMZ Q SFBEBIBDTUHEBH®IFOPN
UIWF QSPDFTTFTDPOTUJUVUF POFPGUIFQJMMBST UIF XJU
GSBNFXPSLJT CETRREOFOGFDUFE TUIJNVMJ SFTVMUT JO QVQJ
FZFBOENPSF GPDVTFEMPBUBFDWH RPOFRIOGPSNBUJPO QBTT VO
UIFFYFDVUIJWF GVODUJPOT XIFSFUIFTJUVBUJPO DBO CF SFI
UJPOBOE QBTTFEUP EFDMBSBUJWF NFNPSZ *O MJHIU PG FW.
DPNNVOJDBUJPO CBDL BOE GPSUI JOUIF WFOUSBM WJTVBM
JOHQFSDFIJWFE TUSFTTGVM TJUVBUJPOT BOE UIVT IJNQBJSJ
NFNPSJFT QMBDF MFBSOJOH MFBWJOHTINQMFS TUJNVMV™
< >

5IF BCJMJUZ UP EJTDFSO DSJUJDBM GFBUVSFT JT UIFO BO



"NPEFM GPS MFBSOJOH BOE Ul

EFSTUBOEJOH UP DPSSFDUMZ QSFEJDU BUUFOEFE DVFT PO |
TUSFBN 51JT SFEVDFTUIFDPHOJUJWF MPBEBOE NPSF TUJN\
IBOEMFE CZ UIF FYFDVUJWF GVODUJPOT BU UIF TBNF UJNF

EFSTUBOEJOH PG B QIFOPNFOPO JOWPMWEFT UIF DSJUJDBM |
CFFOEJTDFSOFE UIFZBSFQFSDFIJWFE BMM BU PODF 5I1JT J
TIJPOJO WBSJBUX»PORISBBEBIRO QBUUFSOT UIBU GPDVT TUVEF
UIFJSDSJUJDBMBTQFDUTPGBDPODFQUPSQIFOPNFOPO UP
OFUXPSLT PG EFDMBSBUJWF NFNPSZ EVSJOH MPX TUSFTT T
FGGFDUJWFUFBDIJOHBOE MFBSOJOH

"MUIPVHI -P FNQIBTJ[FT UIBU uUFBDIJOH JT BO JOUFHSBU
UIFBQQMJDBUJPO PG QBUUFSOT PG WBSJBUJPO BOE UIVT X
QBUUFSOTPGWBSJBUJPOBSFCSPVHIUBCPVUBMTP EFQFOE
UFBDIJOHTUSBUFHJFTBOE UFBDIJOHBQQSPBDIFTuU <

SIFTF TUSBUFHJFT TIPVME CFJOGPSNFE CZPVS DVSSFOU L
CSBJO XPSLTUP EFTIJHOBDUJWJUJFT GPS UIFTUVEFOUT UP
OFHBUJWF FNPOVYROUIMM NBLF BWBIJMBCMF UIF OFDFTTBSZ
UP NBLF TUVEFOUT MFBSO

"NPEFM GPS MFBSOJOH BOE UFBDIJOH

*OUIJT TFDUJPO *XJMMVTFBQIJMPTPQIJD BQQSPBDIBOE T
BCPVU UFBDIJOH BOE DPODFQUVBM MFBSOJOH BT PQQPTFE
JOH UIFIJHIFS MFWFM PG MFBSOJOH OFFEFE UP VOEFSTUB
"TEJTDVTTFEBCPWF UIJTUZQF PG MFBSOJOHDBO IBQQFO
PG UIF CSBJO BSF BDUJWF JO SFUSJFWJOH DPODFQUVBM VC
TFOTPSZ JNQSFTTJPOT PG UIF TIJUVBUJPO UP QFSGPSN DPC
UJPOT PO UIFN BOE QBTT UIF SFTVMU UP UIF IJQQPDBNQVT L
EJTUSJCVUF JU UP MPOH UFSN NFNPSZ EVSJOH UIF OJHIU *(
QPTFT UIF BDUJWJUJFT UIBU QVU B EFNBOE PO UIF MFBSOF
GVODUJPOTJO UIJT QSPDFTTTIPVME CFJODPSQPSBUFE BT
EFOUT BUUFOUJPOUPUIFJSDSJUJDBMBTQFDUTPGFJUIFSQ
DPODFQUT

11IJMPTPQIZDBOBTTJTUJODPOTUSVDUJOH UIFPSJFT UIBU
JOH 5IFEVUDIQIJMPTPQIFS)FOLS8 EF3FHUJOUSPEVDFTB H
UJADVOEFSTUBOEJOHBOEBSHVFTUIBUVOEFSTUBOEJOHJT
PCKFDUJWF SFMBUJPOTIJQCFUXFFOBUIFPSZ5BOEBQIFOPN
OPUJOUFMMJHIJCMFGPSBTVCKFDU 4 ¥W R0 RGPBNFRSRFDUM Z
VOEFSTUPPE BDDPSEJOHUPEF3FHU UISPVHIUIFQSPDFTT
UIJT QSPDFTTJT TVCKFDUJWF BOE OPO EFEVDUJWF IF BSHV
JEFBMJ[BUJPOT BSF OFFEFE UP DPOTUSVDU NPEFMT )FDPO
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PSZ2JTJOUFMMJHIJCMF UP TDJFOUJTUT JG UIFZ DBO FBTIJMZ
FYQMBJO TQFDJab QiFOIRNKOBlE B UIFPSZJT POMZ JOUFMMJ|
FSTIJGUIFZDBOVTFJUUPFYQMBJO QIZTJDBM QIFOPNFOB T
QIZTIDBM QIFOPNFOBBOEUSZUP aOEMJOLTCFUXFFO XIBUJ
DPODFQUT UP QSPEVDFTVDIFYQMBOBUJPOT
S5IF QSPQPTFE NPEFM GPS UFBDIJOH BOE MFBSOJOH JT JO°
NPEFM CBTFEWJFXPGOBIWNIRNVDTKE UIFUFSN NFOUBM NPEFM
CZ +PIOTPO -BIJSBEGPSNFE CZ NPEFSO CSBJO SFTFBSDI UIF N
UFSNNFOUBMNPEFMTJTUSFBUFEBTTZOPOZNPVT XJUIDPO!
DPOTJTUT PG OFVSPOBMOFUXPSLTBOEJTDPOTUSVDUFE CZ
CSBJO T GSPOUDPSUFY "QSPDFTT UIBUDBO QPTTJCMZ CF
POWBSJBUJPOUIFPSZBOECSJOHJOHBUUFOUJPO UP UIF GS|
UIFFYFDVUJWF GVODUJPOTJO NFOUBM NPEFM DSFBUJPO EV
JOUIFDSJUJDBMBTQFDUT PG UIFPCKFDUPG MFBSOJOH
"TUIF MFBSOFS EVSJOH PCTFSWBUJPO FYQFSJFODFT EJ(
BUJPO PG UIF PCKFDU PG MFBSOJOH VOEFSTUBOEJOH DBO
MFBSOFS FOHBHFT UIFJS FYFDVUJWF GVODUJPOT JO UIF BD
NPEFMT BOE FYQMBOBUJPOT VTJOH DPODFQUT GSPN NFNPS
NPEFMT DBO CF GVSUIFS EFWFMPQFE JG UIF MFBSOFS EVSJ
TFSWBUJPOTUFTUTUIFKA\PS ENSBDRSIPMBCPSBUJPO
%JGGFSFOU BDUJWJUJFT DBO CF PSHBOJ[FE JO UIF DMBTT
HBHF DSFBUF DPNQBSF BOE SFWJTF UIFJS NFOUBM NPEFM
JOUFSBDUJOH XJUPTCINSSPXFE@IKN QFFS 3QFODIVDRNVPDO <
PSFOHBHJOHJO DIBMMFOHJOH QSPCMFN TSPMWJOH XJUI GSF
8JUIJO 1&3 UIFUFSNNFOUBMNPEFMTIBWF CFFO>NTFE CFGP
.BOZTINIMBSJUJFT CFUXFFOUIFUXPUSFBUNFOUTFYJTU F
BTIJINJMBS GPVOEBUJPO GSPN DPHOJUJWF TDJFODF BEEJUJ
DMVEFNPSFCBDLJOH GSPNDPHOJUJWFBOE OFVSPTDJFODF
CFJOGPSNFECZUFBDIJOH WJB WBSJBUJPO UIFPSZ *O IJT
UIFZBSFUIFSFTVMUJOH QBUUFSOT JOEJWJEVBMT DPOTUSYV
BOEPCTFSWBUJPOT BOE IF DPOOFDUT JUUP DPOTUSVDUJW
UFSNT PODFEFWFMPQFECZ 1JBHFU PGBTTINJMBBESPO BOE
BUUFNQUT UP MJOLNPEFSOCSBJO SFTFBSDIUPUIFWPDBCVI
CFFO EPCGFSIFUSFBUNFOU PG UIFUFSN NFOUBM NPEFM IFSF
DBCVMBSZPGDPOTUSVDUJWJTU UIFPSZ
7JTVBMJ[JOH QIZTJDBM QIFOPNFOB WJB BO FYQFSJNFOUBN
WBSZQIZTJDBM RVBOUJUJFTJOEIJWIJEVBMMZ QSPWJEFT PQQ
QSPWF UIFJS NPEFMT BT UIF FGGFDUT BOE UIFJS DBVTFT CF
*IBWF PSHBOJ[FE MFBSOJOH BDUJWJUJFT XIFSF TUVEFO!
TUSVDUFE BT JOUFSBDUJPOT XJUI QIZTJDBM QIFOPNFOB Q
QFFST TPDJBM UIFPSZ BCTUSBDU PS NFNPSJFT BOE PUIF



"NPEFM GPS MFBSOJOH BOE Ul

NPEFMT UIBU DPNFT GSPN UIF HSPVQT BOE DPNNMOJUJFT X
UFSOBM JOEJWJEVBM 8JUIJOUIFQSPQPTFE NPEFM GPS MF
NFOUBMNPEFMTBSFDPOTUSVDUFEJOTVDIBDUJWJUJFT EVF
UINFT FH CZQFFST EFMIJICFSBUFBQQFBSBODF PG UIF OFFE
JOWBSJBODF

'JHVSF 5FBDIJOH BOE MFBSOJOH 5IF NFOUBM NPEFM JO UIF DFO
UIF MFBSOFS XIFO VTJOH PS QSPEVDJOH UIFPSFUJDBM DPODFQUT
OPNFOPO 5IF NPEFM DBO UIFO CF TVCKFDU UP DIBOHFT BOE JNGC
MFBSOFS FOHBHJOH JO EJGGFSFOU BDUJWJUJFT PSBOHF BOE Ul
BUJPOUIFPSZ HSFFO 5IFMBTUJOHDIBOHFTBSFUIPTF SFAFDUFE
PSQMBOT <

4UVEFOUT NFOUBMNPEFMTBSFQIZTIJDBMMZ SFQSFTFOUFE
UXFFO OFVSPOTBOE UIFTUSFOHUIPG UIFTF DPOOFDUJPOT (
PSZBOE JT BDDFTTFE CZ XPSLJOH NFNPSZ BPFENPFPQB®MBUJP
NPEFMTBQQSPYJNBUF CPUIUIFPSZ BOE BOETU DFBIM 6 (CHDIPANY- C
JNBUJPOT BSF GVOEBNFOUBM JO NBQQJOH SFBEM>»JZ UP UIFP
"MUFSJOH UIFTFBQQSPYJNBUJPOT PS DSFBUJOH OFX NFOUB
UXFFOUIFPSZBOE SFBMJUZJT POFGPSNPGIJHI MFWFM MFB
QSPEVDFE JO UIF QSPDFTT BSF XIBU XFDBOVTFUP TPMWF Q
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EJDUJPOTBCPVUUIFQIZTIJIDBM XPSME
7BSJBUJPO UIFPSZ DPOTJTUT PG MBOHVBHF BOE NFUIPET |
EFOUT BXBSFOFTTBOEBUUFOUJPOUPDSVDIJBM QSPQFSUJF
QFDUT PGBQIFOPNFOPOOFDFTTBSZJOUIFNFOUBMNPEFM L
QIZTJDBM QIFOPNFOB FGGFDUJWFMZ 4UVEFOUT IBWF QSFL
CVIJMUVQPOPSJOIJCJUFEUPDPOTUSVDU B TDJF@UJaDBMM
> "TTFTTJOH TUVEFOUT QSFDPODFQUJPOT QSPWJEF DI
XIBUDSJUJDBM BTQFDUT UIF TUVEFOUT OFFE UP BUUFOE UP
aOF UIFTF NFOUBM NPEFMT 5P TVDDFTTGVMMZ EP UIJT TUV
TDJFOUJaAaD DPODFQUT BT XFMM BT NFNPSJFT GSPN PCTFSWJ
PG QIZTIJDBM QIFOPNFOB JOUP UPFIB NFDOIUBIM RFEFEINFOUE
TFUVQT GPS WJTVBMJ[JOH QIZTJDBM QIFOPNFOB BSF B DSVD
FEVDBUJPO
8IFOMFBSOJOHQIZTIJDTUISPVHIJOUFSBDUJPO XJUIFYQFS
MBCPSBUPSJFTUIFMFBSOJOHJT NPSFCFOFabDJBMJG UIF UF
QFSJFODFT XJUI FGGFDUJWFJOTUSVDUJPO UIBU MJOLT XIBL
TDJFOUJAD LOP XNWPEB®G KUSVDUJPODPVMECFJOGPSNFECZN
BUJPO UIFPSZ TFF BFRIEWIMDGICFE JOBIGBD WIROBMJI[FE CZ UIF
HSFFOBSSPXTJO 'JH
S5IF QSPQPTFE NPEFM IBT OPU ZFU CFFO FNQJSJDBMMZ UFT
UFOTIJWF MJUFSBUVSF TVSWFZ

"OPUIFS MFBSOJOH BOE UFBDIJOH GSE

*XIMM OPXJOUSPEVDFBOPUIFS GSBNFXPSLGPS MFBSOJOH
NPEFMEFTDSIEGEIWNMHIMIHIUIJUT EPNBJOPGBQQMIDBUJPO
5IF JOWFTUJHBUJWF TDJFODF MFBSOJOH FOWJSPONFOU *
BOE WBO )FVWBUBPSQPSBUFT TFWFSBM PG UIF QSFWJPVTMZ
GSPNCSBJO TDJFODF MTHHADJUIPROTDIFODFEF BT XFMM BT TD.
NPMPHZBOE IBWFBOPWFSBMMTJIJNJMBS UIFPSFUJDBM TUBC
BWPJEQVUUJOHOFHBUJWF FNPUJPOTJO TUVEFOUT CZ MFU
BOEEJBHOPTFTBOE FWFO BWPJEDPISFSHFHOQWEOBMIMFB S O WO K N
GPS UIFTUVEFOUT DPOTJTUT PG PCTFSWBUJPO FYQMBOBU.
TIHO PG FYQFSIJNFOUT UP UFTU UIFTF FYQMBOBUJPOT BOE
NFOUT

*OUIF*4-&8 GSBNFXPSL UIFTUVEFOUTBSFOPUUPMEBCPVU
PCTFSWBUJPOT CVU SBUIFS UIFZ TIPVME DPOTUSVDU UIFN
JOUIFJS PXO XPSET EVSJOHUIF MFBSOJOH MPPQ 5I1JTJT U
TDJFOUJaD LOPXMFEHF BOE NPEF¥VY SBISSFHHFIG ASBWJIFEB ¥ PCT|
UJPO QIBTFBEFNPOTUSBUJPO PG BO FYQFSIJNFOU TIPXJOHE



FWFMPQJOH FYQFSIJNFOUT GPS FEVDB

UIFS QIZTJDBM PS WJEFPUBQFE JT VTFE UP WJTVBMJ[F JU !
QSPEVDF FYQMBOBUJPOT VTXOBIOESAPS TORKNMBEHHDF XPSEJO|
UFBDIFS T SPMF XJUIJO UIF *4-& GSBNFXPSLJT UP JOUSPEVI
NFOUBOEUIFOuTDBGGPMEU TUVEFOU HSPVQT JO EJTDVTTJ
CZQSPWJEJOH SFBTPOJOHUPPMT TVDIBTEJBHSBNT PG EJG
TUVEFOUT XJUI NBUFSJBMT UP UFTU QSFEJBUIROOP®SPN UIF
DFQUPGTDBGGPMEJOHJT CPSSPXFEGSPNUIFTPDIJBMDPOT
+FSPNF#SVOFS BOE GPVOEFE PO -FW7ZHPUTLZ TDPODFQU F
WFMPQNFOU ;1% 4DBGGPMEJOH NFBOT aSTU EFNPOTUSBUJ
CBDL BOE PGGFSIOHKKTWV@QPBUHKE XIJMF ;1% NFBOT i UIF EJ
CFUXFFOUIFBDUVBM MFWFM PG EFWFMPQNFOUBTEFUFSNJ(
TPMWJOH BOE UIF MFWFM PG QPUFOUJBM EFWFMPQNFOU BT
TPMWJOH VOEFSBEVMU HVJEBODF PSJODPMMBXXPSBUJPO X
*OHFOFSBM XIFODPNQBSFEUPUIF MFBSOJIOHTNFPDEUEIM @G FTD ¢
UIF*4-& BQQSPBDIUSZUP JOUSPEVDFUIFVQQFS uUMPPQuU .
FMTBSFJOUFSBDUJOH XJUIUIFPSFUJDBM DPODFQUT BU B N
QSPDFTTUIBO TVHHFTUFECZUIF QSPQPTFE NPEFM S5IFPCTF
OPNFOB DPOTUJUVUF BOJNQPSUBOU SPMF GPS TUVEFOU MF
CVUHVIJEJOHUIFTFPCTFSWBUJPOT FGGFDUJWFMZ XJUI B QNM
JOWBSJBODFDPVME NBLFJUFWFONPSFQPXFSGVMBOE NBZ
SFBMJUZ GPS UFBDIFST BOE TUVEFOUT JOBO VQQFS TFDPOE
MFTTPO UJNFJT SFMBUJWFMZ TIPSU
SIFIZQPUIFTIJTCFIJOEUIFQSPQPTFENPEFM XOBPTUUWHU UFTU
FGGFDUJWFMZ aUUIJTUZQFPG TJUVBUJPOBOEUPBDDFMFS
FMTBOEFYQMBOBUJPOT GVSUIFS CZFYQMJDJUVTF PG WBS.
EVSIJOHTUVEFOUJOUFSBDUJPO XJUIQIZTIJDBM QIFOPNFOB |
JOHJOTUSVDUJPOBOE EJTDVTTJPOT

%FWFMPQJOH FYQFSJNFOUT GPS FEVED
QVSQPTFT

5IF BDU PG PCTFSWBUJPO IBT B bSJuUuJDBM SPMF JO MFBSOJ
QIZTJDT><BOE TJIODF XF BSF CIPMPHIJDBMMZ FWPMWFE PSHI
MFBSOJOH OFFET UP CF HSPVOEFE 30OFUILH K3 AJ BFPB/M IXPGC MHES
WBUJPOTPGFWFOUTBOEUIFQIFOPNFOBJUDPOTIJTUTPG PS¢
JTIPXNFBOJOHJTDSFBUFEFWFO GPSUIFNPTUBGTUSBDU P (
'PS NBOZ QIZTJDBM QIFOPNFOB UIFSF T B MBDL PG EFNPOTU
DBOCFVTFEBTBGPVOEBUJPO GPS TUVEFOUT UP CVIJME UIF.
*IBWF DPNF UP GPDVT NZ SFTFBSDI PO JEFOUJGZJOH BOE EF
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WIJTVBMJI[FQIZTIJDBM QIFOPNFOB XJUI B GPDVT PO EJGGFSF(
5IFTFFYQFSINFOUTBSFDPOTUSVDUFETQFDJaDBMMZ UP WJ
UJUJFT OFDFTTBSZ UP EFNPOTUSBUF DBVUWP MWGE EDOD YFOMERF$
TUBOEJOH UIF SFMFWBOU QBSUJDMF aFME JOUFSBDUJPO 6°
UJPOTIJQTDBOCFUIPVHIUPGBTTPNF CVUOPUBMM PG UIF
BOE BUUFOE UP XIFO FYQFSJFODJOH UIF QIFOPNFOPO PCKEF
aFMEJOUFSBDUJPO BOEUIVTUIFZQSPWIJEFBTFUPGaSTUDL
UPCFDSJUJDBMBTQFDUT GPS BHIJW MBS UUVKMFOAFME JOUFSB
UIFPCKFDUPG MFBSOJOH UIFWBSJBCIJMJUZ GFBUVSFT XJUI
CFFOJODMVEFEJOUIF FYQPSOSNFPUYBMSENFIOHOIDBO CF VTFE
TVBMIJ[FQIZTIJDBM QIFOPNFOB FJUIFS MIWFPSVTJOHWJEFP
IBWFEP®FYFFYQFSINFOUT XFSFEFTIJHOFE XJUIBQPUFOUJB
BOEJOWBSJBODFJONJOE GPSBUFBDIFSUPVTFJOBDMBTT
DBVTF FGGFDUSFMBUJPOTIJIQTQSPWFUPCFDSJUJDBMBTQF
LOPXMFEHF

"QJMPUTUVEZ XBT QFSGPSNFEUPJOWFTUJHBUF UIFJNQBI
GPSNBUJPO EVSJOH B MFTTPO XIFSF B WJEFPUBQFE EFNPOT
TUSBUJPO PGPOFPGNZEFWFMPQFEFYQFSIJNFOUT XFSF VT
QJMPU TUVEZ FWFO UIPVHI B QSF UFTU XBT DPOEVDUFE TUV
UP JOGPSN UIF MFTTPO QMBO BT JT PSEJOBSIMZEWVOF JO F |
UP UJNF DPOTUSBJOUT EVSJOH EBUB DPMMFDUJPO 5IF QBL
BODF XBT UIFSFGPSF EFTJHOFE CBTFE PO UIF UFBDIFS T QF
FEHF 1%, JODMVEJOH TVCKFDU LOPXMFEHF BOE VTVBM MF
UP BEESFTT ®¥IBNFREFTJHOFE WBSJBUJPO QBUUFSO JT EFTDS
UJPO S5IFTVDDFTTGVM *4-& SEBNPFXPGCRKIJONEFBUUIGPU CF
GVMMZ BQQMJIDBCMF XJUIJO GPS FYBNQMF UIF 4XFEJTI VQQ
MVN XIFSF UIF UIJNF BOE NBUFSJBMT BWBJMBCMF GPS JNQMI
uppP MINJUFE *OTUFBE JOTUSVDUJPOTWJBWBSJBUJPO UIF
DSJUJDBMBTQFDUTPGQIZTIJDBM QIFOPNFOBEFNPOTUSBUFE
Ul JTbBOCFPGHSFBUWBMVFBTBGPVOEBUJPO GPSTUVEFO!
"TTUVEFOUTDPOTUSVDUFYQMBOBUJPOTFJUIFSJOOPO TDJ
aSTUBOE OBNFBGUFSXBSEBT BQUSBBODCZ BDUIJWFMZ USZJO
JOWPMWFUIFTDJFOUJAD DPODFQUT BUIFO % NF- K RBIMVNGEFMA
BSFFYQSFTTFE 51JTJTPGHSFBUWBMVFGPSUIFUFBDIFS B



5IFPSZ

&MFDUSJDBM GJFMET

"aFMEJT HFOFSBUFE CZ B TPVSDF JO UIF TQBDF BSPVOE JU
QBSUJDMF HFOFSBUFT BO FMFDUSJDBM aFME &MFDUSPOT B
BOE XJUIJOBDFSUBJO EJTUBODF UIFZBUUSBDU PS SFQFM
DPOEFOTBUPS UXP aBU QBSBMMFM DPOEVDUPST BSF DPOOF
FYDFTTPG FMFDUSPOTJO POFDPOEVDUPS BOE UIF EFabJU J
HFOFPVT FMFDUSJD aFME CFUXFFO UIF QMBUFT 5IF FMFDUS
JOUIBU aFMEJT PCUBJOFE CZ

0, Al

XIFSF BOEBSFUIFFMFDUSJD GPSDF ESPQMFUDIBSHF BOE
SFTQFDUJWFMZ 5IFEJSFDUJPOPGUIFFMFDUSJDBM GPSDF J
AFME GPS B QPTJUJWFMZ DIBSHFE QBSUJDMF BOE WJDF WFS
AFME TUSFOHUI JO B IPNPHFOPVT FMFDUSJDBM aFME EFQFO
UIFQMBUFT UIFNBYJNBM EJTQMBD FN FEOOERA B\ P MUBHFEF QE
BQQMJFE CFUXFFO UIFNBOEDBO CFFYQSFTTFEBT

U _

BOEDPNCIOFEXFYIRFFTTFTUIFFMFDUSJD GPSDF CZ

u  —

‘JH EFTDSJCFTBTNBMMDIBSHFEGBBMIDMRE XURPBNBNPHFOT
FMFDUSJD aFME *U XJMM CF BGGFDUFE WZ UISFMGEPYEED Ul



$IBQUFS SIFPSZ

0t BOE UIF ESBHGRHPEPSF FOUFSJOH UIF FMFDUSJD aFME
BDDFMFSBUFE CZ UIF HSBWJU BOEPORER\D BODIDHRAMFS3BEINPOBM W
%BMPOH UIF Z BYs3[CBMBODFT

'"JHVSF"TNBMM QPTJUIJWFMZDIBSHFEQBSUJDMFGBMMT JOUP B IP/|
BSSPXT

*OJUIBMMOE sguBOE UIF EJGGFSFODF JT B:,5 FMTAXWWIOH GPSD
TFDPOEMBX PG NPUJPO HIWF BMIFBHD DM 8B UT A

Us 7 Ugsemn

5IFBDDFMFSBUMWNMCF [F&PBAOHEQgyBSF FRVBM "UUIJT QPJOU
ESPQMFU XJMM NPWF JO B TU & BEHUB /NIOTFFEUCEAQJBRO HRNMNB U J P (

=)

UuBkO —

c>|

5|lFTQFDJabDIBBEB GBMMJOHESPQMFU JO UIFIPNPHFOFPV"
CFPCUBJOFE CAPGBNMA[QBHI JO UIF aFME VTJOHUBPSFXSJUJO

U BkO



1BSUJDMF USBQT

1BSUJDMF USBQT

$POTIJEFSBCBMM SPMMJOH GSPN MFGU UP SIJHIUBQQSPBDI.
*NBHJOF OP GSJDUJPOPSESBHGPSDFT $BOUIFCBMM CF
UIFSF

'JHVSF )PXUPUSBQBCBMMVTJOHBQJUJOUIFHSPVOE B /P GSJ
MFBL UIFNFDIBOJDBM FOFSHZ GSPN UIPELBWMXJIMGEG HPIBAO BIGFZQWE R
UIFNFDIBOJDBM FOFSHZ XJMM CFDPOTFSWFE TP UIFCBMM XJMM U
PVUPGJU XJUIUIF TBNRWEMBDDUZPOBM GPSDFT BQQMZ BOE UIFZ
UIFCBMMUIBU XJMM MPTF NFDIBOJDBM FOFSHZ BT JUUSBWFMT JO
CBMMUSBQQ@BCMFBOE JU XJMM  FOEVQBUUIFCPUUPNPGUIFQJU

$POTFSWBUJPO PG NFDIBOJDBM FOFSHZ JO B HSBWJUBUJF
JODSFBTFJOWFMPDJUZVOUIMJIJU SFBDIFTUIF CPUUPN PG U]
PO JUT XBZVQ CZ UIF TBNF BNPVOU BT QPUFOUJBM FOFSH?Z
FOFSHZ BOE CBDL BHBJO *G UIFSF BSF GSJDUJPOBM GPSDF
JOJOUFSBDUJPO XJUI HSPVOE BOE BJS BOE IFODF UIFSFJT
USBQQFE CBTFEPOJUT JOJUJBMAE BMND JTD D BIVFHI'UBO B QP U
XFMM B QPJOUJO TQBDF XJUI NJOIJNBM QPUFOUJBM FOFSHZ
PCKFDUEPFT XPSLPOJU "OBMPHPVTMZ QBSUJDMF USBQT D
PGUIFCBMM UIFSFJTBDPNCJOBUJPO PG UIFHSBWJUBUJPC
UIF PCKFDU BOE GSJDUJPO UIBU FOTVSFT UIF CBMM MPTFT N
USBQDBOCFEFTDSJCFEBTBQPJOUJOTQBDF UPXBSET XIJLC
BEJTUBODF EFQFOEFOU GPSDFPOBO PCKFDU 5IFUSBQDEFC



$IBQUFS SIFPSZ

NJOJNVN PG QPUFOUJBM FIO XKSWNWAM SOMGSPBDIF XJUINUIF EJTUB
BOECFEJSFDUFE UPXBSET UIF DFOUFS PG UIFUSBQ 5IF TU!
QSPQPSUJPOBMUP UIFUSBQ TUJGGPEPFTH TRESGFWMBBOHAOBO
JTEFTDSJCFECZUIFGPMMPXJOH FRVBUJPO LOPXOBT )PPLI

a 7 !

'JHVSF (FOFSBM USBQQJOH QSJODJQMF 5IF aFME JOUFSBDUJOH
HFOFSBUF B SFTUPSIBOIHI®GERSFBTFT XJUIWF BIRFUBBOMFOUFS XJU
BNBHOJUVEFTDBMFE CZAUBSSRMBUGRADFMTEFTDSIJCFE JO FRVBUJPO

*OPUIFSAaFMET J FFMFDUSJDBM PQUJDBM PSBDPVTUJD :
QPTTJCMF QBSUJDMF USBQ
5SBQQJOHPGDIBSHFEQBSUJDMFT XJUIFMFDUSJDBM aFME"
PGFMFDUSPEFTUIBU T TXJUDIQPMBSJUZTINVMUBOFPVTMZ B
BUSBQ JT DBMMFE B RB\BVR/SEEEBYQPMF JPO UBBWF DEF EJ H
CZ8PMGHBOH 1BVM JO BOE BXBSEFE UIF OPCMF QSJ[F GP!
QBSUJDMFT GPSMPOH UJNFT <

51JTUXP EJNFOTJPOBMWFSTJPOPGBRVBESVQPMFUSBQ J

DPH#

XIFSFJTUIFUPUBMBQOQMJFEWPMUBHFCFUXFFOFBDIQBJS P!
QPMBEBTB %$ WPMUBHRBEOB WPMUBHF XJUI ESXWJIGHFGSFRVFO
FMFDUSJD aFME TUSFOHIUBDO#EO BFF D3 JCNFEQBTHIWFO CZ
UIFUXP FYQSFTTJPOT

XIFSSFJTUIFEJTUBODFUPUI* USBQDFOUEFS <



1BSUJDMF USBQT

'JHVSF " TINVMBUJPO PG UIF FMFDUSJD aFME JO B 1BVM 5SBQ $I
FMFDUSPEF QBJST BU B DFSUBJO GSFRVFODZ JOUSPEVDFT B WBS:
aFMEFYFSUTBO FMFDUSJD GPSDF PO UIF QPTJUJWFMZ DIBSHFE QI
SIFGPSDFDIBOHFTUIFEJSFDA/JIJPRIPOIBIGHWRNPORMBSIUZ PG UIF F|
aFME TUJMM FYFSUT B GPSDF EJSFDUFE UP UIF USBQ DFOUFS 5IF
UIFEJTUBOPWEIF USBQ DFOUFS JODSFBTF S5IJTLFFQTUIFQBSUJDM

OQUJDBM USBQT

"RVBMJUBUJWF VOEFSTUBOEJOH PG PQUJDBM MFWJUBUJPO
MJHIUBTSBZTUIBUIJUBTNBMMUSBOTQBSFOUMJRVJEESPQ
UIBOUIFTVSSPVOEJOH 5IFMBTFSMJHIUDBO UIFO CF SFAFD
"T UIF MJHIU DIBOHF EJSFDUJPO UIF MJOFBS NPNFOUVN DIB
UIFOVOEFSHP BO FRVBM BOE PQQPTJUF NPNFOUVN DIBOHF E
WBUJPO PG NPNFOUVN 5I1JT SFTVMUT JO PQUJDBM GPSDFT
BGPDVTFE MBTFS FYIJCJUTUXP UZQFT PG GPSDFT PO UIF
UIFN JO QM BTDOMB B UF S 39.H GPSWEODFT HSBWJUZ BOE ESJWFT L
BMPOH UIF MBTFS HGBEJFEOQERARSPWJIEFT BUUSBDUJPO UPXB
QPJOUPG IJHIFTUJOUFOTJUZ EVFUP SFGSBDUFE MJHIU 'P
MBTFS CFBN UIFTFUXP GPSDFTDPNCJOFUP GPSNUIFPQUJD
TUBCJMJUZ
5P USBQ UIF QBSUJDMF IPXFWFS TPNF BJS SFTJTUBODF F
OFFEFE GPS UIF PCKFDU UP MPTF FOFSHZ BOE FWFOUVBMM?Z
NBLFTJUIBSEFSUPUSBQBUMPXFSQSFTTVSFT 5IFNBHOJUV
JOH GRSDMB QBSUJDMF JO UIF SBZ PQUJDT SFHIJNF QBSUJDM
UIF MBTFS XBWFMFOHUI JO BO PQUJDBM USBQ JT GPS B (BV



$IBQUFS SIFPSZ

'JHVSF OQUJDBM GPSDFT PO BUSBOTQBSFOU PCKFDU JO UIF PQUJ
(BVTTIJBO CFBN QSPaMF 5IF VQXBSE GPSDF CMBDL BSSPX VQ JT
QIPUPOT MJHIU QBSUJDMFT QVTIJOHPO UIFPCKFDU XIFO SFAFDL
BSSPX SJHIU JTQSPEVDFECZMJHIUCFJOH SFGSBDUFEPVUGSPN
UIF PCKFDU JOUP UIF DFOUFS EVF UP UIF DPOTFSWBUJPO PG NPN|
TZNCPMJ[FECZ UIF SFEBSSPXT QPJOUJOH UPXBSE UIF IJHIFTU JO!
HSBEJFOU GPSDFJTJOXBSETJG UIF SFGSBDUJWF JOEFY GPS UIF U
NFEJVNJUJTJINNFSTFE JO

CFBNDFOUFSBOEDBOCFDBMDVMBUFE BT

XIFSF . BOEBSFUIFJODJEFOU MBTFS QPXFS UIF TQFFE PC
UIF SFGSBDUJWFJOEFYPGUIFTVSSPVOEJOHNFEJVN BOEB |
FODPEJOH UIF BOHVMB 8 DR BEEGWFIRFPGBIWFMZ 'PS QBSU
NVDI TNBMMFS UIBO UIF XBWFMFOHUI 3BZMFJHIUIFPSZ JT B¢

$PNCJOJOH PQUIJDBM BOE FMFDUSJDBM GJFMET

IPXFSJTEFaOFEBT FOFSHZPWFSUJNFBOEBDIBOHFJO FOF
JTEFTDSJCREACZ XIFSF JTBEJTQMBD&NFOIFBAOPSSDF EPJOH
UIF XPSL )FODF QPXFSBOE GPSDFBSFSFMBUFE JO UIF FYQ!

] aA "
# #6




1BSUJDMF USBQT

'JHVSF 6TJOH UIF MBTFS QPXFS 1 aSTUUIF ESPQMFUJT USBQQF
CZUIFPQUJDBM:GFIDF FMFDUSGDBWM B@QMBFE NJEEMF UIF ESPQ
CBMBODFE BUB IJHIFS MFWFM 5IFSF UIF XJEFS CF&NsQSPWJEFT E
GPSUIFTBNFMBTFS QPXFS 1 5IFMBTFS QPXFSJTUIFO SFEVDFE
CBDL BU UIFPSJHJOBM MFWFM PG CBMBOD|F; BGE WIIF FOMFXDRIBW DD B
GPSDFUPHFUIFSCBMBODF HSBWJUZ 5IFTVNPGUIFUXP GPSDFT J
GPSQFEg JTUIFQPXFS PG UIFMBTFS u5IJTJT BEBQUFE GSPN (BM
&OHFS + 3PTUFEU . +PIBOTTPO " )BOTUPSQ % EF MBJ5PSSF
JOOQUJDBM -FWJUBUJPO PG $IBSHFE %SPQMFUT6TJOH 3FNPUF -BC(
EPJ u

XIFSE JTUIFDIBOHF JO FOFSHIFEDPPSESFTQPOEJOH UJNFDIBO

"IPNPHFOFPVT FMFDUSJD aFMEJO DPNCJOBUJPO XJUIBO B
UP NFBTVSF UIF DIBSHF PG BO PCKFDU JNNFSTFE JO UIFTF al
&R UP

O
XIFSFUIFFMFDUBJDBRMGPMPEIMFE GSPNUIFGPSDF FRVIMJCSJ
UISFF GBSSB@.AJFTBOU,E BDUJOHPOBMFWIUBUFE PCKFDU JO UIF L
5lFF SFTVMUJOH FRVBUJPO DBXJWPKERIJOUOPHRIRDSIJCFE JO
UFSNT PG UXPEJGGFSFOUMBTFS QPXFST 1 BOE 1 VTJOH
Of A u. .,iE7 oleB A 7

u.

]

m
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"DPVTUJD USBQT

5/F BDPVTUJD aFME DPOTJTUT PG WFMPDJUZ EFOTJUZ BOI
NFEJVN UIF PCKFDUJT USBQQFE JO 5IF BDPVTUJD aFME XJN
UIFEJSFDUJPO GSPN IJHI QSFTTVSF UP MPX QSFTTVSF OPEI
TUSPOHFOPVHIUPCBMBODFHSBWJUZ 5IFSFJTBMPUPGGS
UPUIFMBSHF BNPVOUTPG NPMFDVMFTUP HIWFFOFSHZUP B
TUBCMF XIFOUSBQQFE

'JHVSF "DPVTUJD QSFTUE YsXR BHAFSEFSPX PO B TNBMM PCKFDU JNNFS
BDPVTUJD aFME CBMBODFT WIFESBXWIBBEBROBMWEBPEPEHT TZNCPM
QBSUJDMFT "OUJ OPEFT BSF SFQSFTFOUFE JO UIF CBDL CZ XIJUF
IJHI QSFTTVSF NBOZ QBSUJDMFT /PEFTBSF SFQSFTFOUFE JO Ul
GFXQBSUJDMFT MPX QSFTTVSF

1BSUJDMFT JO BMM GPSNT OP NBUUFS DIBSHF PS USBOTQ
BOBDPVTUJD USBQ -JNJUBUJPOTJODMVEF UIF TJ[F BOE EF¢
UIFTJ[FDBOOPUTVSQBTTIBMGUIFBDPVTUJD XBWFMFOHUI
<m> %FOTJUJFTPG VQBWF CFFO SPUBUJPO MPDLFE EVSJO
< >BOEFWFO MFBE BOE NFSDVS2 DBWUPHMB WSUBRBUFENFBOT
MPU PG aFYJCIJMJUZ DPNQBSFE UP PUIFS MFWJUBUJPO UFDI
UIF SFDFOU TVDDFTT PG BDPVTUJD MFWI3UBUJPORIT-BBDFOU.
XJulJoBDPVTUJD MFWJUBUJPO IBT VTFE WBSJBOUT PG UIF D
MFWJUBUPS> *O SFDFOU ZFBST MPX DPTU % QSJOUFE WFS
USBOTEVDFST TPVOEFNJUUFST NPVOUFEJOBSSBZTIBWFC



1BSUJDMF USBQT

BOFXFSB S5IFTINQMFTUWFSTIJPOPGTVDIBUSBQJT UIF TJC
5JOZ-FW<.BOZTQJO PGG EFTIJHOT IBWF  EFNPOTUSBUFE JNQ
BDPVTUJD aFMEVTJOHQIBTFEBSCGBZ0MHFWRE BBYUFP BDPVTUID M
BTUBOEJOH XBWFDBOCFHFOFSBUFE CEZEBOXRMAOIOHBQAPBTF
USBOTEVDFS BSSBZT S5IFBDPVTUJD QSFTTVSF QSPEVDJOH LU

") y .TIO— -2

XIFSF § r BOE SFTQFDUJWFMZ EFOPUF B WPMUBHF EF¢
UIF [FSPUI PSEFS #FTTFM GVODUJPO PG UIF aSTU LJOE UIF >
USBOTEMOFBOHMF CFUXFFO UIF OPSNBM PG USBOTEVDFS K |
' () BOEJTUIFEJTUBODF GSPNUSBOTBVDFS K UP UIBU QPJ(
5/F NPTU DPNNPO XBZ UP DBMDVMBUF UIF BDPVTUJD SBEJB
PCKFDUJTCZAaSTUDBMDVMB BIEHYIFFD PEW BPQUIFIOHIUBMG P SDF
HSBEJFOU 5IF DBMDVMBUJPOTBTTVNFUIBUB TNBMM JODPN
JOUIFBDPVTUJD AaFME PG BO JEFBM &V JE| B5T R B OCAEVM BI'S B XS W
UIBO UIF SBERIWUIF TQIFSFIR (PS LPW QPUFOUJBM JO BJS JT
BT

z 1o s 7ol g
{
XIFSFBOBBSF UIF aSTU PSEFS JODJEFOU BDPVTUJD QSFTTV S
SFTQFDWYJIBV\OFBM AT UIF EFOTJUZ PG BOE TQFFEPG TPVOE JO B
PCKFDUT MJLF TPMIJE [:BOEUDXBPOGBOBRQEPYINBUBSHUP <
BDPVTUJD SBEJBYJPDUGPREDFO UIF TNBMM TQIFSF DBO OPX C
VTIJOHUIF (PS LPW QPUFOUJBM CZ

(o}

Usge 7/

'PS TJUVBUJPOT XIFSF UIFTFBQQSPYIJNBUJPOT EPO UBQQM
DBMDVMBUJPOT DBOWCWF WVWIFFEFBTPO UIFHSBEJFOU PG UIF (PS
JT XJEFMZ VTFEJTUIFTINQMJDJUZBOE UIFDPSSFTQPOEJOH&

"DPVTUIJDBMMZ MFWJUBUFE ESPQMFUT

%SPQMFUT MFWJUBUFE JO TJOHMF BYJT BDPVTUJD MFWJUB
QSFTTVSFBOEAOEFRVJMJCSJVNTIBQFT 'PSESPQMFUTJOU
TJ[F UIFTF TIBQFT BSF XFMM BQQSPYJNBUFE CZPCMBUF TQ

0OPGUIFDSPTT TFDUJPOT PG UIFTF BSE,B{BPMEMIQTF XJ
NBKPS RYJT
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'JHVSF 5IF PCMBUF TQIFSPJE FMMJQTPJE UP UIF SJHIU JT DJSD
WIJFXFE BMPOH UIF EBTIFE BYJT PG TZNNFUSZ BOE FMMJQUJD CM
OBM UP UIBYBIYUTF TFNJ NBKPS BYJT PG UIFCMVF FMMJQTF 5IF TF
JOSFE PGUIFFMMIJQTFJTBMJIJHOFE XJUIUIFBYJTPGTZNNFUSZ G

5IF SPVOEOFTT PG UIFESPQMFUT DBO CF EB.TDBIMIE CZ UIF

MBUFE BT |
CNJO

!NBK

%FQFOEJOHPO TVSGBDF UFOTJPO UIF TBNF BDPVTUJD QSFT
EJGGFSFOU NBUFSJBMT JOUP EJGGFSFOU BTQFDU SBUJPT
QSPYJNBUFECZ TQIFSFTJG UIFBNQMJUVEF PG UIFBDPVTUJI
MJQTPJEBMESPQMPBOWEMDBRD VN B BOEYXIOH

0.

Z =~
0]
FMM !NBk\lJO

*NBHFT PG MFWJUBUFE ESPQMFUT DBO UIFOCFVTFE UP DBMI

1)
NFUSJDQJYN/IT

XIFSKReyshh WPMVNF JO DV CJ R, NN WIFNFIYFM WPMVNF PCUBJC
&R GSPNQJYFMTDPSRFBOEQEOBBURBHF PG UIFESPQMFUT
"JTUIF TDBMF GBDUPS CFUXFFO QJYFMT BOE NJMMJNFUFST



.FUIPE

&EYQFSIJNFOUBM TFUVQT

&MFDUSJDBM GIJFME 1BQFS

"OFYQFSIJNFOUBMTFUVQ XBTEFTJHOFEGPSUFBDIFSTBTBU
WFMPQ NFOUBM NPEFMT GPS UIFQBSUJDMF aFME JOUFSBDU
USJD aFMET 5IFTFUVQ XBTEFTJHOFEUP WJTVBMJ[FJOEJWJ
BOEJOUFSBDUJOH XJUI BO FMFDUSJD aFME 5IF EFTJHO XBT
PGMFBSOJOH UIFBCIMJUZGPSTUVEFOUTUP QSFEJDUUIFE
TNBMMFS MBSHFS PGUIFFMFDUSJD GPSDFPO QBSUJDMFT .
QBUUFSOPGWBSJBUJPOBOEJOWBSJBODFEFTDSJCFE JO 4F
"DVTUPN CVJMU DIBSHJOH VOJU XBT NPVOUFE PO B QJF[PF
XJUIBDVSWFETUFFM DBQJMMBSZ (F4JN" DBQBCMF PG
USPMMBCMZ FKFDUJOH TNBMM HMZ DN S BMUE SR ) MIBEIHX OUH B
VOJU TXJUDIFEPGG UIFESPQMFUT BSF FKFDUFE XJUI BO VO
QFOEJOH PO UIFGSJDUJPOJOUIFEJTQFOTFS

5IF DIBSHJOH VOJU DBO DIBOHF UIF DIBSHF PG UIF ESPQMF
BO FMFDUSJD aFME PG 7 51F aFME XJMM SJQ PGG B OVNC
ESPQMFU 5P QSPEVDF ESPQT XJUI B OFVUSBM DIBSHF B WF
VTFE 7PMUBHFT MPXFS UIBO 7 XIJMM DBVTF UIF QBUIT PG
UP UIF SJHIU XIIJMF IJHIFS WPMUBHFT XJMM DBVTF NPWFNFC
%SPQMFUT XJUI EJGGFSFOU DIBSHFT DBO CF QSPEVDFE XJU|
JOUIFVQQFS SJHIU QOQBIFW\FREDIHE ESPQMFUT MPTF WFMPDJU.
B GFXDFOUJNFUFST JO UIFBJS BOE UIFO GBMM WFSUJDBMN
CFS *OUIFDIBNCFS UXPQBSBMMFM *50 DPBUFE JOEJVN U.
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FMFDUSPEFT PG B DBQ@BDJUPS QSPEVDF B TUBUJDBMMZ IPN
DPOOFDUFEUPB %$WPMUBHF 7PMUBHFTJOUIF SBOHF PG
GBMMJOH USBKFDUPSJFT PG UIFDIBSHFEESPQMFUT -&% MJ
UBM DIBNCFS UISPVHIUIFUSBOTQBSFOUDPOEVDUJWF *50 Q
GBMMJOH ESPQMFUT XIJDIBSFNBEFWJTJCMFUPUIF OBLFE
'PSGVSUIFSWJTVBMJ[BUJPOBOE WJEFPHFOFSBUJPO B -P|
QMBDFE XJUIUIF PQUJDBM BYJT QBSBMMFM UP UIF *50 QMBU
MJHIU GSPN UIF ESPQMFUT BFFWMFEBBDIODUJIBOE TJ[F PG UIF F
ESPOMFUT XFSFDPOUSPMMFEWJBUIFTPGUXBSFBDDPNQBO.
USPM CPY (F4JN NVMUJ EPT "

'JHVSF "ESPQMFU EJTQFOTFS XJUI B DIBSHFS VOJU XBT QMBDFE B
QBDJUPSFMFDUSPEFT 3FEBSSPXTJOEJDBUFUIFEJSFDUJPOPGU
USPEFT PG UIFDBQBDJUPS "OPUIFS FMFDUSJD aFME CFUXFFO UIF
FMFDUSPEF XBTBQQMJFEUPBMUFSUIFDIBSHF PG FKFDUFE HMZDF
BMNPTUJNNFEJBUFMZBGUFS FKFDUJPO SFBDIUFSNJOBM WFMPDJ
TUBOU TQFFE XIFO FOUFSJOH UIF BQQSPYJNBUFMZ IPNPHFOFPVT
UPS "SSPXTBSF GPSDF WFDUPSTJOEJDBUJOH UIF TUSFOHUI BOE
HSsBwJuBUJPOBM ZFMMPX BOEESBH CMVF GPSDFT -FGU 7 B
UIWFMZ DIBSHFE JOJUJBMMZ EVF UP GSJDUJPO JO UIF EJTQFOTFS
UPXBSET UIF QPTJUJWF FMFDUSPEF .JEEMF 7JTBQQMJIFE BOE
DIBSHF SIJIQQJOHPGG UIFFYUSBFMFDUSPOT TP UIFESPQMFUT GB
3JHIU 7IJTBQQMIFE SJIQQJOHPGG FWFO NPSFFMFDUSPOT NBL
UIWFBOEBUUSBDUFECZUIF SJHIUOFHBUJWF FMFDUSPEF PG UIF I
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