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Who am 17

« Name: Dr. Jaehoon Yu (You can call me Dr. Yu)
 Office: Rm 242, Science Hall
 Extension: x2814, E-mail;

« My profession:High Energy Physics
— Collide particles (protons on anti-protons or electrons on anti-electrons,
positrons) at the energies equivalent to 10,000 Trillion degrees

— To understand
 Fundamental constituents of matter
* Interactions or forces between the constituents
« Creation of Universe (Big Bang Theory)

— A pure scientific research activity
« Direct use of the fundamental laws we find may take longer than we want but
« Indirect product of research contribute to every day lives; eg. WWW
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Information & Communication Source

« My web page:
— Contact information & Class Schedule
— Syllabus
— Holidays and Exam days
— Evaluation Policy
— Class Style & homework
— Contact Information
— Other information

« Would like a PHYS1443-501 e-mall distribution list for
fast and efficient communication. Any volunteer?
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a Course Specification for 1443 - 501, Spring 2002 - Microsoft Internekt Explorer

J Eil=  Edit Wiew Faworites Tools Help

J = Back + = - @ ot | @Search [32] Favorites @Histnry ||%1r = =

J.ﬁ.c_ldress IE] http:ffwsna-hep,uta, eduf~vufspringd2-1443-501 . hkml ;I @GD |J Links **

Course Specification for 1443-501, Spring 2002

5:30 -6:50pm
Class Schedule Mondays & Wednesdays

Room 125, Science Hall
Instructor IDr. Jaehoon Yu

Room 242, Science Hall
Office Fhone: (B17) 272 - 2814

Secretary: (B17) 272 - 2811

11:00am -12:00pm

Office Hours Mondays and Wednesdays

MATH 1426 or concurrent enrollment.

i You must enroll in a lab section ($8.00 fee), unless exampted.

FPhysics for Scientists and Engineers, 5th Edition
Textbook Serway & Beichner
Saunders College Publishing

« Lecture Notes

-« Syllabus

- Holidays & Exam Davs

« Evaluation Policy

« Class Style & Home Work Assignments
« Contact Information

« Other Information

& || |4 mnternet

N0 K
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3 Syllabus for PHYS 1443 - 501, Spring 2002 - Microsoft Internet Explorer

J File

Edit Wiew Faworibes Tools  Help

J s= Back ~ = - @ i | l@Search [3&] Favarites @Histnry ||%v = W=

J.ﬁ.gdress I@ htkp: fhwww-hiep,uta, eduj~yufspringd2-1443-501 fsyllabus . heml

Syllabus for1443-501, Spring 2002

Period

\Chapters

YWealss of Jan, 14 & Jan. 21, 2002

One & Two Dimensional Motion
(Mo class on Martin Luther King's day, Monday, Jan. 271, 2002

|Week5 of Jan. 28 & Feb 04, 2002

|Newton'5 Laws of Maotion, Circular Motion & Kinetic Energy

IMonday, Feb. 11, 2002

IFirst Term Exam (Chap. 1-7)

IFeb. 13, 2002 & Week of Feb. 20, 2002

|Energy and Momentum Conservation

Week of Feb. 25, 2002

IRotational Motion and Angular WMomentum

|Week of bar. &4 & Mar, 11, 2002

|Static Equilibrium and Oscillatory Motion

Wednesday, Mar. 13, 2002

IMidterm Exam (Chap 1 - 13)

WWeek of Mar. 18, 2002

|Spring Break

|Weel<5 of Mar. 2% & Apr. 1, + Apr. 8§, 2002

|Fluid Mechanics and Mechanical Waves

'Wednesday, Apr. 10, 2002

|Second Term Exam (Chap. 13 - 18)

Weelk of Apr. 15, 2002

|Temperature and Introduction to Thermodynamics

Weel of Apr. 22, 2002

|Kinetic Theory of Gas and Heat Energy

WWeek of Mar. 29, 2002

IReview

'Wednesday, May 8, 2002

IFinal Exam (Chap. 1 - 18)

Return to Course Specification Page

Return to Jae's Home Paqge

** The above schedule might change depending on the progress in the class.

|@ Done

I_ I_ |4 Internet

I
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; Holidays and Exam Days for PHYS 1443 - 501, Spring 2002 - Microsoft Internet Explorer Jﬂﬂ
_ Fle Edt ‘iew Favortes Tools Help -
| Back » = - @ 2 | Qioearch [iFavorites ¢ AHistory |%v S =
_F‘ddeSS @ bittp: fwnne-hiep, uta, eduf~yvuspring02-1443-501 fexams-n-holidays, html ¥ E‘?' (a0 JLinks ?
Holidays & Exam days for 1443-501, Spring 2002
Catrgory Dates
Martin Luther King Day Monday, Jan. 21, 2002
First Term Exam Monday, Feb. 11, 2007
Mid-Term Wednesday, Mar. 13, 2002
Spring Break Mar. 18 - 22, 2002
Easter Holiday Friday, Mar. 29, 2002
Second Term Exam Apr. 10,2002 Lt
State of Texas Science and Engineering Fair (No Class in College of Science only) Friday, Apr. 12, 2002
Final Exam Wednesday, May §, 2002
B
&) Done |_|_|ﬂ Internet V
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a Evaluation Policy for PHYS 1443 - 501, Spring 2002 - Microsoft Internet Explorer ] = |I:I|£|

J FEile Edit Wiew Faworites Tools Help i
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Evaluation Policy for1443-501, Spring 2002

\Category IPercentage Contribution

IFinal Exam |30%

IMid-Term [25%

|Best of the remaining twio Term Exams [25%

ILab Score |20%

Evaluation procedure:

The scores from the above four cateqgonas will he adiusied o refiect the difficulty and the performance of the classes,
using the mean values of the exams.
These adiusted scores will be used in the compulfalion of the final score wsing the following fomula;

Final Score = {Adiusted Score ofthe Final Exam) *0.3
+{ Adiusted Score of the Middenm Exam) "0 25
+fAdiusted Score of the hestferm Exam) *0.25
+{lLah Scorg) 0 2

Sracing will then he determined using the final score, and based on jis distribulions.
Ifwou miss any exaim with an undersfandable reason or & prior approval by me:
o AR individual exam needs fo be arranged separatehs with me within g week of the exam orwithin the agreed fime
bariod,
Ifvou miss any exaim without an understandable regson or & prior aporoval by me;
o AR individual exanm needs o be arranged separatehs with e within a week of the exam arwithin the agreed fime
fel=Tslalal
o Your score forfhe exam will he adjusted down o fhe 75% of the possible maximum.
ifvou miss mmore than fwo exames, vou grade will be an aufomatic faiiure.

|-@ Cone

v |EE

I_ I_ |ﬂ Internet
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Homework and Class Style

Homework Assignments
— Solving chapter problems is the only way to comprehend class material
— Your own responsibility

— |'will go through a few selected problems in the next class as time
permits

— But it might change depending on your performances.

Attendance is your responsibility

— You are adults now, so you should be responsible for yourselves
Class style:

— Will do as much as | can in electronic media

— Will be mixed with traditional methods

— Questions and discussion are STRONGLY encouraged

Need volunteers to take care of the projector
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Why do Physics?

To understand nature through experimental
EXP-{ observations and measurements (Research)

e (Establish limited number of fundamental laws, usually
with mathematical expressions

« YPredict the nature’s course
? Theory and Experiment work hand-in-hand
? Theory works generally under restricted conditions

? Discrepancies between experimental measurements
and theory are good for improvements

? Improves our everyday lives, though some laws can
take a while till we see amongst us

Theory

Monday, Jan. 14, 2002 A5 PHYS 1443501, Spring 2002 9
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Monday, Jan. 14, 2002

What do we want from this class?

Physics Is everywhere around you.

Understand the fundamental principles that surrounds you in
everyday lives...

Identify what law of physics applies to what phenomena...
Understand the impact of such physical laws
Learn how to research and analyze what you observe.

Learn how to express observations and measurements in
mathematical language.

Learn how to express your research in systematic manner in
writing
| don’t want you to be scared of PHYSICS!!!

It really is nothing but a description of nature in mathematical
language for ease of use

,:_ i PHYS 1443-501, Spring 2002
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Brief History of Physics

AD 18™ century:

— Newton’s Classical Mechanics: A theory of mechanics based on
observations and measurements

AD 19™ Century:
— Electricity, Magnetism, and Thermodynamics

Late AD 19t and early 20t century (Modern Physics Era)

— Einstein’s theory of relativity: Generalized theory of space, time, and energy
(mechanics)

— Quantum Mechanics: Theory of atomic phenomena

Physics has come very far, very fast, and is still progressing, yet
we've got a long way to go

— What is matter made of?

— How do matters get mass?

— How and why do matters interact with each other?

— How is universe created?

55, PHYS 1443501, Spring 2002 11
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Needs for Standards and Units

 Base quantities for physical measurements
— Length, Mass, and Time

« Need a language that everyone can understand each
other
— Consistency is crucial for physical measurements

— The same quantity measured by one must be comprehendible
and reproducible by others

— Practical matters contribute
A system of unit called SI (International System of units
In French) established in 1960
— Length in meters (m)
— Mass in kilo-grams (kg)

— Time in seconds (s)

@ PHYS 1443501, Spring 2002 12
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Definition of Base Units

SI Units Definitions
1 m(Length) = | The meter is the length of the path traveled by light
100 cm In vacuum during a time interval of 1/299,792,458 of
a second.
1 kg (|\/|a53) = | Itis equal to the mass of the international prototype
of the kilogram, made of platinum-iridium in
1000 g International Bureau of Weights and Measure in
France.
15 (Time) The second is the duration of 9,192,631,770 periods

of the radiation corresponding to the transition
between the two hyperfine levels of the ground state
of the Cesium 133 (C*33) atom.

*There are prefixes that scales the units larger or smaller for convenience (see pg. 7)
*Units for other quantities, such as Kelvins for temperature, for easiness of use

Monday, Jan. 14, 2002
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International Standard Institutes

e [nternational Bureau of Weights and Measure

— Base unit definitions:

— Unit Conversions:

 US National Institute of Standards and Technology
(NIST)

Monday, Jan. 14, 2002 -:- i PHYS 1443501, Spring 2002

Dr. Jaehoon Yu

14



Bureau International des Poids et Mesures

Favillon de Breteuil, F-92312 Sévres Cedex

General inforrmationd

Welcome to the BEIPM Infarmations génerales : Bienvenue sur le serveur Internet du
Internet server inioEbipa 0o BIPM

Continue in English Continuer en fran?is

These pages introduce the Bureau International des Fe nf Ces pages vous présentent le Bureau
Poids et Mesures (BIPM], the heart of the i Al international des poids et mesures (BIPK), et e

International System of Units (S0 Systéme international d'unités (510

21st CSPM: 218 CGPM :
RESOLUTIONS ADOFTED metrologia EESOLUTIONS ADOFTEES

IPM key comparisen and calibration database and the Mutual Rec

Blast viewed L3N Netscape o 'ﬁ:{g;;:airr
with wersion 4. of | ! ! Explorer

|5 Internet
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U.S. National Institute of Standards and Technology

<} National Institute of Standards and Technology - Microsoft Internet Explorer :: 1Ol =]

J File Edit Miew  Fawvorites Tools  Help |_

| $=Back - = - S (3] 5} | “Gisearch [ Favorites £ #History ||%v = =1 =]
J.ﬁ.gdress IE htkp: [ s, nist, gose ;I GO |JLinks 23

National Institute of i
Standards and Technology

«.working with industry to develop and apply technology, measurements and standards

About MNIST Information for ﬁ:l;'lle"l'ime

Seneral information Industry
Eudget, planning, and economic analysis REesearchers
: HIST Hews:
MIZT conferences Mewes media
MIST wisitor infofdirections Seneral public . .
MIST contacts/staff directory Kids Testng Genedenlly

- : Modified Crops
A-F subject index

NIST products

Programs and services
HIST Laboratories: provide measurements and ASS_iSta_”CE to small manufacturers
standards for .S, industry. Calibrations
Data Resources

Visit the Laboratories’ web sites: Laboratory accreditation

— - Measurement & standards research
Build df h -] Go| :

S N e eeralt —I MIST Research Library

MIST i=s evaluating and
refining methods for

Publications

Baldrige Mational Quality Program: promotes and Quality guidelines o i e
recognizes organizational performance excellence. Ral fundin R Eulgenetically i
Feld TUNAing
; Soft madified. Bead more.
Manufacturing Extension Partnership: provides Stoim P Riaiaaal
technical and business assistance to smaller andar elerence Wlalera’s Fibhon Maker S =
R R T Sta-ndards ibhon Maker Sews Success
Wieights and measures
Advanced Technology Program: partners with the Work with us Eluéd F:Aolrpertv Challenge
private-sector to develop broadly beneficial Lnder ¥y

technologies. Funding opportunities

Research f manufacturing pardnerships

NIST patents _"f Ilcen5|.nc| MIST Celebrates Centennial --|
Frmmlawrriamt inforeaatione
%

|#] Done l_l_lt Internet
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Building Blocks of Matters, Density, and

Avogadro’s Number

o Matter can be sliced to its fundamental constituents

— Matter & Molecule & Atom = Nucleus & Protons and Neutrons &
Quarks

« Atomic number (ID) of a substance = Number of Protons

« Substances with the same Atomic number but different mass exist in nature
and are called Isotopes

* Atomic mass of a substance = average N +N, of all isotopes
A property of matter is density of matter( 7). Amount of mass _ _ M (kg)

contained within unit volume (e.g.: ?,=2.7g/cm’) ? V(m3)
« One mole (mol) of a substance < Definition of a standard for
consistency

— The amount of the substance that contains as many particles (atoms,
molecules, etc) as there are in 12g of C*? Isotope

— This number, based on experiment, is:
« Avogadro’s number: 6.02x10% particles/mol

Monday, Jan. 14, 2002
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Example 1.1

«  Acube of Al whose volume V=0.2 cm?
—  Density: ? = 2.7 g/cm?

«  Whatis the number of Al atoms contained in the cube?
1. What is the mass of the cube?

m? ?V ? 2.7(g/cm’)?20.2(cm’) ? 0.54(g)

2. What is the mass of 1 mol of Al?

m, ? 27(g/mol) ? 27g/6.02?10% (atoms)

3. S0 using proportion.

& 27¢ . 6.02x10%3(atoms) = 0.54g : N(atoms)
N 2 m 5 0.54g
m, 27(g/mol)

?0.02?76.02?10% (atoms) ? 1.2?210%(atoms)

? 0.02mol
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Dimension and Dimensional Analysis
 An extremely useful concept in solving physical problems
« Good to write physical laws in mathematical expressions

« No matter what units are used the base quantities are the same

— Length (distance) is length whether meter or inch is used to express the
size: Usually denoted as |I]

— The same is true for Mass ([m])and Time ([t])
— One can say “Dimension of Length, Mass or Time”
— Dimensions are used as algebraic quantities: Can perform algebraic
operations, addition, subtraction, multiplication or division
« One can use dimensions only to check the validity of one’s
expression: Dimensional analysis
— Eg: Speed [v] = [I}/[t]
= Distance (L) traveled by a car running at the speed V in time T
e L =V*T = [I/t]*[t]=[1]
More general expression of dimensional analysis is using
exponents: eg. [V]=[I"t"] wheren=1and m=-1

Monday, Jan. 14, 2002 -:- i PHYS 1443-501, Spring 2002 19
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Examples 1.2 & 1.3

 1.2: Show that the expression [v] = [at] is dimensionally correct

— Based on table 1.6
e Speed: [v] =T
« Acceleration: [a] =L/T?
o Thus, [at] = (UT2XT=LTC2) =T =|/T=[v]
 1.3: Suppose a of a circularly moving particle with speed v and
radius r is proportional to r" and v™. What are n and m?

n, ,M m
a ? kr \[ LlT?2 71')1353 ? Ln?m-l-?m

'\ 217

Dimensionless I Le'ngth I I Speed I ?m? ?2
constant

a m?2
\‘LK 2
[ v n?m?n?2?1 1.2~V
= ’m?n?2: a?kr™v2?
n??1 I
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H=5.35cm

Monday, Jan. 14, 2002

Unit Conversion: Example 1.4

US and UK still use British Engineering units: foot, Ibs, and
seconds

— 1.0in=2.54 cm, 1ft=0.3048m=30.48cm

— 1m=39.37in=3.281ft~1yd, 1mi=1609m=1.609km

— 1lb=0.4535kg=453.59, 10z=28.35¢9=0.02835kg

— Online unit converter:

Example 1.4: Determine density in basic Sl units (m,kg )

oo M
Vv
V2L?D?H ?2(5.35em)?(5.35cm)?(5.35cm) ? (5.35)%cm ®
153 .13 ¢cm @
2153 .13¢cm ° ? 2153 .13 210 °m?
M=856¢ (100 cm / m)?
agSSQ M 28%6g2 09 50 g6 kg
Jo% 1000 g / kg
— O
L=5.35¢m Q S 0.856 kg

?5.50 210 °kg / m°®

V 153 .13?10°°*m?
) PHYS 1443501, Spring 2002 21
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Estimates & Order-of-Magnitude Calculations

 Estimate = Approximation
— Useful for rough calculations to determine the necessity of
higher precision
— Usually done under certain assumptions

— Might require modification of assumptions, if higher precision
IS necessary

 Order of magnitude estimate: Estimates done to the
precision of 10s or exponents of 10s;
— Three orders of magnitude: 103=1,000
— Round up for Order of magnitude estimate; 8x107 ~ 108
— Similar terms: “Ball-park-figures”, “guesstimates”, etc

Monday, Jan. 14, 2002
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Example 1.5

 Perform an order of magnitude estimate number of
breaths taken during an average life span:
— Assumption #1: Average life span = 70 years

— Assumption #2: Average number of breath taken per minute:
10breath/minute, disregarding any other possibilities of
variation

? Total number of minutes in an average life span
=70(yr)x400(days/yr)x25(hrs/day)x60(min/hr)=4x107 (min)

? Total number of breath taken in a life span
=4x107(min)x10(breath/min) = 4x108 (breaths)

? Think about possible ways to improve this estimate.
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Uncertainties and Significant Figures

 Physical measurements have limited precision, however good it is, due to:
— Quality of instruments (meter stick vs micro-meter)
Sy5t-{ — Experience of the person doing measurements
Stat,{ — Number of measurements
— Efc

— In many cases, uncertainties are more important and difficult to estimate than the
central (or mean) values

e Significant figures denote this precision of the measured values

— Significant figures: non-zero numbers or zeros that are not place-holders

34 has two significant digits, 34.2 has 3, 0.001 has one because the 0's before 1 are place

holders, 34.100 has 5, because the 0's after 1 indicates that the numbers in these digits are
indeed 0’s.

— Operational rules:

« Addition or subtraction: Keep the smallest number of decimal place in the result,
independent of the number of significant digits: 34.001+120.1=154.1

 Multiplication or Division: Keep the smallest significant figures in the result: 34.001x120.1 =
4083, because the smallest significant figures is 4.

Monday, Jan. 14, 2002
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Example 1.8

* Area of a rectangle and the uncertainty:

1. Find the minimum:
A~ (L-2L)x(W-?W)

=(21.1 cm)x(9.7cm) = 205 (round-up)
2. Find the maximum:
Anign=(L+?2L)X(W+?W)

=(21.5 cm)x(9.9cm) = 213 (round-up)
3. Take the average between minimum and maximum:

<A>:(Alow+ Ahigh)/2:209(cm2)

4. Take the difference between either min or max to <A> is the
uncertainty ?A: ? A=+/-4cm?
5. Thus the result is: A=<A>+/- ?A=(209+/-4) cm?

A+/-?A

W=(9.80+/-0.1)cm

L=(21.34/-0.2)cm
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