PHY 110 LECTURE NOTESBY DR. SU

CONTENTS

Topic Page Sectionin Text
Introdudionto Class 6

Netscape-Mallard 8

Quantities, Dimengonsand Units 9 Ch1.1-Chl7
Time, Distance and Mass 12 Ch11-Ch17
Dimendond andysis 14

1-Dimendond Motion 16 Ch21-Ch22
Velodty and Derivative 20 Ch2.1-Ch22
Differentiation Rules 21 Ch2.7
Derivative of Fundanental Fundions 22

Distance as an Integral 23

Definite Integral 23

Uncertainty and error andysis 24

Integral Evaluation 27

Integration Rules 28 Ch27
Acceleration 29 Ch23-Ch24
Free Fall Motion 30 Ch26
Summary on 1D Motion 39 Ch21-Ch2.7
Vector Rules 34 Ch31-Ch33
Adding vectors: graphical method 40

Unit Vector Notation 41 Ch34

The characterization of 2D motions 44 Ch41

2D Acceleration 47 Ch4.2



2D Projectile

Range Height Formula

2D uniform circular motion: x, v, a
Applicationsof Circular Motion
2D nonuniform circular motion
Non-uniform nontcircular motion
3D motions

Newton®Laws

Newton®@1s Law
Free-Fall Motionrevisited

Spring Force

Motion by a Spring Force
Newton®3rd Law
Tenson

Congant Friction

Friction of Drag

Newton® laws with central forces
Four (or three) basic forces
Work and Kinetic Energy
Conservative Forces
Non-Congrvative Forces
Momentum

Collison

2D Collison

Elastic collisonin 1D

Center of Mass

49
52
54
56
57
59
59
60

60
64

65
65
68
71
72
74
75
77
71
80
82
83
84
86
87
88

PHY 110 LECTURE NOTESBY DR. SU

Ch43
Ch43
Ch44
Ch44
Ch45
Ch45

Ch5.1-58,6.1-6.2, 6.5
Ch52-Ch5.3

Ch54

Ch56
Ch5.7
Ch538
Ch64
Ch6.1-6.2

Ch7.1-Ch75,Ch8.1
Ch82-Ch84,Ch86
Ch85,Ch88
Ch9.1-Ch92
Ch9.3-Ch9o4

Ch95

Cho4

Ch96-Ch9.7



PHY 110 LECTURE NOTESBY DR. SU

Topic Page Sectionin Text
Simple Harmonic Motion 90 Ch131-Ch133
Simple Pendulum 93 Ch134

Law of Gravitation 94 Ch141-Ch143
Solution of Gravitation equéion 96 Ch141-Ch143



PHY 110 LECTURE NOTESBY DR. SU

I ntroduction to the Class
CBS Video, Powers of Ten Video
First alittle aboutyour ingructor.

Now let@ moveonto PHY110(Phydcs-1): thefirst of thethree-part general physics series.
obj ects you can see, toudh; retain textbook (shared by phy110and 112)

Go ove syllabus

Theclass web pagecan befoundby typing www.phy.ilstu.edu/su/phyl10into you favorite
browser. Here you can findthe syllabus onling information on Mallard quizzes, class notes
(PDF format), and more!

Overview:

Phy110is aboutbasc concepts, principles and applications of mechanics
Main topics we will learn in Physcs 110,indude

- 1-Dimensond motion. i.e.: predict where an object in freefall will be after agiven time
- 2-Dimensond motion. i.e.: predict themotion of a basebdl

- Causes of motion: Newton®laws, and ther numerousapplications

-  Energy & Conservation: potential energy (PE) and kinetic energy (KE)

- Collision: behavior of billiard bdls before and after colliding with each other

- Rotations

- Oscillations

- Gravitations

- How vectors work (two vectors of equd size and opposng ways cancel each othe out)

- Undestand a bit aboutthe spirit of calculus

This class involves taking quizzes over theinternet with a system called Mallard. It allowsyouto:
- Takethequiz at home with your web-connected computer
- Takethequiz anytime before theduedae
- Receiveyour grade immediately
- Retake thequiz afinite number of times to improve uponyour grade
- Retake thequiz an infinite number of timesto review for tests

Physcs 110may becounied as agenea eduation credit. Thiswill require an essay abouteither:
- Physcscolloquia
- Guest speskers
- Specia events
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Handson labsand in-class demongrationswill bean integral part of this class.

Why am| in thisclass?

Yourdisciplineislikely to berelated to physcs:
Discipline Building blocks

Biology cells, DNA

Chemistry molecules

Geology Earth, continents, oceans roc, ...
Computer circuits, memory locations, electrons

Sport, Theater human body

Physcs atoms, nudei, sub-atomic paticles

Phydcsisaboutthe smallest scale, thusmore fundamental
What can | expect tolearn in thisclass.

Learn:
Laws (Smilar patern connecting interacting objects)
Know what to look for (concepts of location, changeof location, speed, force, E)
Applicationsof laws
A lot of detail can befoundin mechanical problems (make prediction)
With hep from everyday experience, sports, amusement park, E
Problem solving skills
Categorizing wha you already know
Train howto smplify the problem (throw away urrelated things drop a cat)

Goodstudytips
Work independently (exams, find)
Take goodnotes
Keep goodrecord of your work (exams)
Ask questions(bring them in, open debate heart of sci & western civilization)
Work togdaher makesit easier (labs homework, web-quiz)
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Spread outyour effort (don®leave until tests)

How to dowell in Physcs

- Undestand questions(will mogly begiven)

- Trandate probleminto physcslanguaye, wha conceptsto use
- Quantitative andysis, Equaion setting

- Solve equdions(simple math)

- Interpret solution, make prediction

What to expect from the class:

Hopdully, this course will hep you to grow aliking for the subject of physcs. Also, the
way of thinking tha isinvolved in this subject can and will hdp youin other areas as well, such as
mathematics. Phydcsisascience tha relies heavily on mathematics to create and provetheories
tha explain the nature of our universe.

If youdecidetha youwant to pursue a degree in phydcs (4 of them, thenewest being

Computationd Physdcs), then Physcs 110is the pefect entrance into the department.

Mallard

| will go over theuse of Netscapeand Mallard in class. Here are items of interest.
| P addresses for logging onfrom home
MACTCP/TCPIP
13887.1.2 replacew/ 13887.4.1
13887.1.10replacew/ 13887.1101
use Macsin MLT 304,308at al time (w/ printers)
Madntosh and Netscape application (take quiz over theinternet)
turn-on/ off

familiar with icons: desk top/ finde / floppy/ trash / apple menu

locate netscape / apple-comm or disktop launcher or disk or use file-find keyword search
launch netscape/ point+double-clicking or point+click+file-open or apple comm+netscape

make link / file+tOpen-Location... www.ilstu.edu or Netsite: www.phy.ilstu.edu
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make alink at thePhy110home page, link to theMallard or URL address/ bookmark
Mallard utilities/ password / configuration/ view grade/ announ@ment / mail ingructor

lessons page/ do example quiz together (cumulative, no need to redo correct #, ackO

correctionsdo not counttoward grades)
to print adisplaying page/ apple-choosr / laser printer / select printer
finde - multifinde switch / netscape/ print
logou mallard / file-quite netscape/ close windows (check uppe left box)
home use, pick up connetion set-up ingruction from Julian Hall: Gnternet toolsO

within 2% for numerica problemsto begraded

Quantities, Dimensions and Units
Warning: physcs Jargonsin this chepter.

Science and physcs like to be precise

In English language In Physcslanguage
Y esterday was hot (only ashirt on) Y esterday@ temp was 80 F
Today iseven hotter  (the shirt can®stay on) Today@ temp was 95 F

less attractive, more precise, and factual

in thedescription Note:
(1) temperatureisthephydca quantity of interest, has a dimension of temperature
(2) 80 0r 95 arethemeasures (3) F istheunit of temperature

We intentiondly put Phydcal Quantitiesin different groups(like the classification of

animals/plants, theelementsin periodic chart, ...)

Each quantity in physcs has a uniquedimensionality (broader sense than thevolume)
Similar Qshavethe samedimenson.  Note: Q! quantity

Ex: Length, width share length dimenson

©30©

Rule: can®add or subtract Qs of different dimensions Ex: 1 apple + 2 oranges=? (meaningless)
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Rule: OK to multiply adimengon by another to form athird new dimenson.

Ex: for hou® (livable) squae-foatage Area= Length x Width [Ared] = [Length]2
Equaionin physcsisarelation, which relates phydca quantities.

[ ] symbolizes dimensondity
Rule: OK also to divide two dimensonsto yield anew dimengon.

Ex: uniform motionv =dit " [v] =[d]/[t]

Ex: Why ablock of ice floas in water, while a piece of metal sinks isthe metal heavier?
(1) takelm3 compaeweight icelighter, than water, than metal
icee 917kg/m3, H,0: 1000kg/m3, Iron: 7860kg/m3
compae Mass pe unit Volume, dendty, #=M/V
[#] = [M]/[V] and Sl unit: kg/m3
€eg. #ice = 0.917$ 108 kg/m3 < #, 4o = 1.000$ 10 kg/m3 (thusice floas on water)

A dimensionless quantity is also possible. Bond®Homerun count is 80.
Ex: %c/d [%=[c]/[d]=L/L=L°
(indgrendent of distance, time, etc)
How are quantities in physcs classified?

(1) pick 6 mog relevant Qs (categories), they are regarded as base Qs, assign each w/ a base dim.
length, mass, time, temperature, lightintensity, electriccurrent =basedimension

long massive old warm bright ??aready unusud = represents

(2) dim of any other Q (derived) isthe multiplication and/or thedivision of thebase dims

[V]=[d]/[t]=L/T and [a] =L/T?
F=ma o) [F] =[m][a] =ML/T2
note: M=[mass] L=[length] T=[time]

Relation between new Q and old Qs mug be established, by physcal law.
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Dimengonsfollow the same algebrarelationsas Quantities.
Unit: aQ ismeasured in terms of aknown amourt, defined as a unit.
Sincethedd of unit is, in prindple, arbitrary, oneQ may have unlimited # of units, so we need
to standadizethem. Ex: livingroomwidth is 10 footlength for boy and 12 ft-1 for girl

Ex: arm-length of a(famoug King as length unit (dig outif disputes occur)

S(ystem) | (nternaiond) unit system has been mogs widdy adopied in science (metric system)
(base) unit  (base) quantity

meter {length}

kilogram {mass}

second {time}
X Kelvin {temperature}
X Ampere {electric current}
X Candela {luminousintensity}

mole {amount of substance} cnt # of chemicals = 6.02x 1023
Ex: {v} ={d}/{t} =m/s Units follow the same relation as the Qs,

{a} = m/g/s=m/s?

F=ma so{F} ={m} {a} = kg m/s?2 = Newton (common units), many of theunits are

named after famouspeople.

note: units obey the same algebraic rules as variables and numbers. (ex: m2/m =m)

In this county theunits for forceis|b. Thedisagreement in units makes it necessary to create a

way to convert from oneunit to another. 1lb=45N (conversion between units)

Ex: 110km/hr (Canada 110km/hr=2110km/hr (1 mi/1.61km)=68mi/ hr
Ex: 8foat-size=27cm 1ft-sze=278cm=3.375cm=1.3in

40 Chinese-foat-sze = 27 cm 1 Chinese-fodt-size = 27/40 cm=0.675cm=1/5 am-ft-size
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Ex: anothe common unit istheatomic mass units (u) (1/12 mass of a12C atom)
1u=1.6605402% 1027 kg e.g. m,=1.0073u eg. m, =1.0087u

Matom = (Np U+ N, u+Ngu/ 2000 &(Ny+N,) u

Neutral atom congsts of (Ne=Np, atomic number of) electronsand equd number of protons

(Ng+Np) istheatomic mass.

some other (well known) systems of units

S CGS BE
length meter (m) centimeter (cm) foot(ft) =0.3m
mass kilogram (kg) gram (g) dug(d) =14.6kg
time second(s) second(s) second(s)

(seeinside badk cover for convasion)

Now theunits arefixed, onemay get asmall or alarge measure in any given unit.
mean radius of theearth=6,370000m = 6.37$ 106 m (3 significant figures)
electr on mass=0.0000000000000000000000000000091Rg = 9.109$ 1031 kg

(30 zeros after thedecimal paint)

6.02x 1023 (21 zerosafter thedigit 2, to this accuracy)
In such cases of extremely small or large numbers, you can see the use of scientific notation
(employing powers of 10. Scientific Notation can also bewritten in theform of 6.37 E+06

(E=exponent of ten, in calculator or computer)

nicknames for powers of ten, use prefixes (inddefront cover page)

factor prefix symbol

1 (billion) giga G ex: GB= gigabytes
108 mega M

108 kilo- k

102 centi- c ex: $1is100cents
103 milli- m
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106 micro- i
109 nano- n
1012 pico- p

rule: exchangeprefix with theassodated power of ten factor

e.g.1.609% 10° meters=1.609km  (about1 mile)

e.g. 1000g=103g=1kg (kg is a compoundunit=the Sl unit for mass)

demo: video (powers of 10Q(physcs deals both with thelargest and smallest)

©40

Time, Distance and M ass

We know units, buthow dowetell time?
e.g of time-telling devices (clocks): sun, hou glass, mechanical (spring) watch, pendulum, heart
beat (no excitement), goto Rockford watch museum. Some of these have draw backs.
It isthis desire for precise measurement that separates physicists from philosophers.
Galileo (350yrs ago) wasthefirst acual physicist, notonly a philosophe, like Aristotle or the
Greeks. He made quantitative observations
Quotes abouttime: Webger defines"atime" as "period” and defines "period” as "atime"

"time iswha happenswhen nothing else hgppens’, "timeishowlongwe wait"
e.g. of shorter time measurements are usudly seen throughperiodic motions
In light, something (electric-field) varies periodicaly (notsendtive to eyes). Theperiod, time
to complete onefull cycle, isused to measuret. When such an ostillation gets displayed on
electronic devices such as ocilloscopes, the period is a separation on screen.

(Sl unit) onesecond is thetime taken by 9,192,631,770(about 109) vibrationsof thelight

(of a specified wavelength) emitted by a cesum-133 atom. (period~ 1010s) 1s~ 1 heart beat

determinelonger times:  Find older man, tree, radioactive decaying materia (longlife).

If it takes T to reduceto 1/2, "the so-cdled half lifetime", it'll take another T to reduceto 1/4

and takes infinite number of peiodnT andreducesit to 1/2" of origind amount (never dies
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realy)

0.8
0.6
0.4

0.2

1 2 3 4
in general ageof object, t, isrelated to theamount when formed A and current amount B

through (1/2YT =B/A (thefractiontha is un-decayed)

years seconds mean life of
3$1010 1018 ageof universe
10° ageof earth U238

10° life of aman

1015 period of atomic vibration

1021 period of nudear vibration

1024 light crosses a nucleus strangeparticle
determinaion of distance: meter stick, 2-meter stick, howlongcanit go

(Sl Unit) onemeter isthelength of the path traveled by lightin vacuumduwing atime
interval of 1/299,/924580f asecond. (~1094yards) e.g. meter stick
ex: boune light off, taketime, find distance (knowing c well)
ex: large distances (to stars) by triangulation, in example wanted to know the distance

between plang-X and planet B knowing thedistance between planet A and planet B.

L/sn( 1+ 5 =al/sn( 1) <o
a=Lsin(’ y)/sin( 1+ o)

Try',=',=88jal 14L

small distances. microscope

Limits.  distance may berelativeto timeandviseversa: relativity (faster skinnier). When
we say two thingsare relative, imagine someoneriding a bike passes you. Y ouwould say tha

heis movingrelative to you, however, hewould say that you are moving relative to him.
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natural limitsfor distance (time): uncertainty prindple (x=h/(p
Mass

(SI_Unit) onekilogram is themass of a specific platinumir’dium alloy cylinde keptin

France, adupicateiskeptat (NIST) in MD.

©50

Dimensional analysis
In dim andysis, dimension (units) can betreated as algebraic quantities. For a specific
formulato stand physcally bdanced, thedimenson (units) on each side should agree with one

another (for each of the base quantities).

eg. distance traveled x isrelated to acceleration a and timet via: x=a" t™ with paametersn, m to
bedetermined, let ususe thedimendond andysis:
[X]=[a"[t]™ " L=(L/THN(M)M=LnT(M2N" n=landm=2" x=at?

Such an andysis can not check if adimengonless factor is correct or not

ex: y=2+x+3x2 y = 2dnx y=eX

eg. Wha isthedimensonof ain F=e@? Heret representstime.
rule: the exponent should be dimengonless
1=LOMOTO=[4] [t] =[a] T" [a] =/T" ahastheunit of 1/sif tins.

eg. Thesame rule applies to sin(at), the argument of tri-fundionis dimensonless

M echanics condst primarily of Newton@ laws (capable of reduction to other laws), and

definitionsof quantities and relationsbeween other quantities.
v=d/t(m/s) a=v/t(m/) p=myv (kgm's)
F=p/t=ma(kgnis’=N) W =F x (kgm&/s>=Nm=J)
KE=12mv2 (kgm?/s?)  PE=max (kgm/s?m) PE = 1/2 k x2 (kg/s?m?)
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Check:  KE =1/2 mv2 (kgm?/s?) (unit andysisis similar dimensond anaysis)
{KE}={mH}v} 2=kg(m/s)?
PE = m ax (kgm/s?m)
{PE}={m}{a }{x}= kg m/s? m={K E}=J

©60
One-dimensional motion
In physcswe would like to describethemotion of objects. For example, we might need to
know where an object isat a certain time. Mo thingscan bedescribedin 1, 2, or 3
dimengond motion. We will learn first howto describe 1D motion.
motion: changeof abody@postionwith time, describing wher e and when for the body, how it
moves, and so on
kinematics refersto the classification and comparison of motions
we will examine some general propeaties of motion tha arerestricted in three ways
1.themotionisalongastraightlineonly, we will consder 2- 3- dimendond later
recall Galileo@indineandrolling bal?
vertical (fallingstong
danted (supaman)
straight-line race course marked off with postive distancesin forward direction
and negaive distancesin thereversedirection. -3 -2 -1 0 1 2 3
2. study only themotionitself, not the cause (untl later)
3. moving GmallOobject is either a particle (point-like object such as an electron) or
moves like a paticle (diding pig or falling cat), there is no relative motion w/in the
body, thesize of theoblject is unimpartant to the distance moved (bumper to bunper for
car), and postionisrelative to the center of gravity of theobject, or trandationd

any small objects movingaongaline (follow thesame andysis)
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record distance traveled, x, with time taken, t
limitations relativity and quantum effects

3d motion can bedecomposed of 3 indgpendent 1d motions

many examples of 1d motions 100dash; basket bdl score; stock market

3 ways to describe pogtion vs. time
0) words use your Engish skills
1) table: know exactly for certain time
2) graph:visud, get an idea of values between points
3) equdion: can find any point

ex: you race with Jeff Gordon..

tables graph
ex-1  x (mi) t(hr) ex-2  x(mi) t(hr) car-2
0 0 0 0 X (mi) | * * car-1
10 1 20 1 40 |---|---*---m-m-- *
20 2 40 2 | [ * *
30 3 60 3 | |* *
40 4 80 4 LN USCT— t (hr)
1 4

draw cond xat 40 condtatlh
equations: X;=40t, x,=20t
note that both cars are traveling at congant speed (equd distance traveled in equd time)
measurement #1
JG: hisdistances are twice as long, after same time, 20 mi each hrvs. 10 mi each hr
for fixed duration of time, longe distance meansfaster rate, hence you use length
to find outwhois faster
measurement #2

you: you take twice amountof time to cover the same distance (say 40 mi):



PHY 110 LECTURE NOTESBY DR. SU
-18-
40mi every 2 hrs VS. 40mi every 4 hrs
fixed amountof distance, shorter time, faster rate, usng 1/timeto find outwhois faster

to make agreement, we need both distance and time when talking aboutthe speed:

JG says you say
car-2: 20mi/1lhr = 40mi / 2hrs call this20mi / hr (miles pe hou)
ca-1: 10mi/1lhr = 40mi /4 hrs call this10mi/hr (miles pe hou)

these are exactly thedisplayed values on the speedometers
v =x/t (strictly an average velodty)
assuming tha the carsOpostionschangecontinuowsly with time (line curve really)
wehaverelations  car-1: x1 =(10mi/hr)t  car-2: x2=(20mi/hr) t (equaiong
in general we use x = f(t) to calculate the distance at any time, which meanspostion
dependsontime, andtha x isafunadion of time, in thisexample f(t) = v t
prediction: JG@ postionatt =1.5min
x=20mi/hr* 1.5min* (L hr/60min)=0.5mi
summary: to describe 1D motion, monitor object location (coordinate) as afundion of time
with the hdp of (1) table (2) graph (3) x(t)

new question: Can we compute velodty of thecar?

In the next example, look a howyou drive a car (and find out velodty at each indant)

X (m) t(s)
0 0 x (m) | *
3 1 | =
12 2 | x
27 3 | *
48 4 L t(9)
inthe 1< sec cartraveled 3m N>
2ndsec 9m N NN >
3rd sec 15m NN NN N >

4th sec 21m NNN NN NN >
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displacement=changeof postion" distance ( sum of |displacements| )

watch your speedometer and you see tha the needle moves up, the (indantaneous speed isthe

ingantaneousreading of the needle, hence your indantaneousspeed is changing (increasing).

Q: wha isthespeed at t = 15?
it isnot9ms because car is speeding up from 1sto 2s 9nmysisthe average speed.
Note tha to ddinethe speed indantaneoudy, thedistance traveled can not betoo big.
Remember JG@ car had speed of 40 mi / 2 hrs=20mi / hr=0.5 mi/1min=...

don® drive for too long and dor@ travel for toofar and the speed is nearly unchanged

This was an idea that the Greeks didn®realize. It wasinvented by Newton and Leibnitz to
describe such amotion: use infinitesimal distance d corresponding to infinitesimal time ) (now
may berealized by a high speed camera)

d/) isan approximationto velodty and approximates better as) gets smaller and smaller

velodty: vl lim. qdl)
close look at the abovecar we haverelation x = 3 t2

X(19 =3m

x(1.0019 = 3(1.001)*(1.001)= 3.006003m

in thelast 0.001 sec the car has traveled 0.006003m the approximate speed is 6.003m/s
(thisis different from 9 m/s by the way)

wha hgppensto d/) when) isreduced gradudly?

lets see thefollowing table (see also FORTRAN: f9de_3122f[1,2,3,-1])

x(1) x(1+)) d=x(1+))-x(1) ) d/)

m m m S m/s

3 12 9 1 9 (familiar?)
3 3.63 0.63 0.1 6.3 (different)
3 3.00603 0.00603 0.01 6.03

3 3.0006003 0.0006003 0.001 6.003
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3 3.0000006000003 .0000006000003 0.000001 6.000003

notfar away smaller smaller settlesto
fromx(1) alimit

how to draw ( x/( t graphically: it@ theratio of rise and run

velodty isthesopeof thetangent line gang through a point x(t).

©70

Velodty and Derivative
We saw in the previousexample that velodty at t=1is6 m/s. Wha aboutvelodty at any
time v(t0)? How to compute the (velodty) mathematically fromtheratio d/), useexample x
=3t2
Thedistance traveled in small time) is
d = x(tg+))-x(tg) =3*(tg+))*(to+))-3*(t)*(to)
= 3¥(tg2+2*1g*) +) 2)-3*t 2
= 3%t 2+6%tp*) +3) 2-3*t2
= 6*tg*)+3)2
theratio d/) =6*t5+3)
andv =lim()* 0)d/) =lim()* 0) (6*ty+3)) = 6*ty = 6 to(M/s)
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ingenegal onecan also showtha v (at anytimety) =61,

In this example velodty is postive, which meansforward motion. Inthe case when velodty is
negative, a backwardsmotionisthen implied. (useasinelike x-t curveto explain)
Theaboveprocedureis peformed so often in mathematics, tha for convenience specid
notationshave been assignad to our quantities) and d. In this notation
) becomes (t (meansGin extra bit of tQ and may be made smaller, ( isnat amultiplier
d becomes(x muchlikesin' isnots*i* n* ', smply thespaceincrement, one
symbol)
Since"( " isnotafactor, it can notbecancelled in ( x / (tto givex / t, any morethansin' /
sin2 can®bereduced to 1/2. In this notation velocity is equd to the limit of ( x/( t when ( t gets
smaller:
v=lime. o (X/(t
Thiswill derive the same answer as before, but keepstrack of wha@ changing.
Notewe also have ( x = v (t, tha istrueony when ( t getsto O
we like to write dx = v dt, here dt means( t in thecase when it is very small
thuswe may also havev =lim. , ( x/(t = dx/dt (derivative of x with respect to t)
theprocedure of findingit is called findng adeivative or differentiating (different from derive
an expression)
dx, dt are separately called differentials, with new terminology, dx/dt = d/dt 3t2 =6t
ex: postiontimerelation for another car x =t3+ 2t + 3, find v?

X(t+H( )= (t+( )3+ 2(t+(t) + 3= [ 3 +32 (t+3t ()2 +((1)3]+2t+2(t+ 3

B3+3 t2(t+3 t((1)2+ (()3+2t+2(t+3
X =18 +2t +3
Subtract: (x=3t2(t+3t((t)2+ ((1)3+ 2t
(x/I(t=3t2+3t((t)+ ((t)2+2
dx/dt =3 t2+ 2

g€ the procedure of differentiating afundion now?
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A more general statement of apower fundion processis.  dt"/dt =ntn-1

Graphical representation of ( x/( t:

Look for thesign of thedope + moving forward, - moving backward, 0 nat moving,
velodty isa Quantity with directiond information - a vector.
(ingantaneous velodty: dx/dt=v

signs + if upward-painting, - if downward-pointing

©80
Differentiation Rules
(bdow c, n represent any condants, u(x) and v(x) are fundionsof variable x)
How to find derivative of asimple fundion such as apolynomal fundion?
Condant Rule: dddx=0
HomogeneousRule: d(cu)/dx=c du/dx

Power Rule: d(x")/dx = n x™*
K _)xtr=2=

= 1
ex1: dx X (Identity Rule)

dLlg dy .y, o 1
ex2: &#; o_&(x )_( 1) x 2

X
dﬁ—i(x”z)—#lg 21
ex3: dx  dx TR T

Sum Rule; &(MV

ex: dx
Specia formulas:

d[ sn(cx)]/dx= ccodqcXx)
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d[ cos(c x) [/dx=Dc sn(c x)

d[ exp (cx) ]/dx= cexp(cx)

omit starts
dv du
N . —(uv) =u—+v—
Multiplication Rule (also Produd Rule or Leibniz Rule): dx dx dx
dy/, d dx dx
— X7 )= —xx)=x—+x—=(x)[1) +(x)(1) = 2x
ex: dx( ) dX( ) dx dx C)+ () (also from Power Rule)

f—&=itv u—2=/ v —#=8=# V2 =
Quotient Rule; dx "v% “"dx “dx% "~ g dx v% Tidx Tdx% v2 dx (Reciprocal Rule)

i{y[u(x)]} - dy(u) du(x)

dypug L du, dv dpig 1 di, dvg o , 1dv
W %

Chan Rule: dx du dx
Derivative of Fundamental Functions
d [ x)_ .x d dr . d _
&(e ) =€ &[In(x)] =% &[sm(x)] = cogx) &[cos(x)] = 1sin(x)

o %[Zsin(3x+ 4)| = 2d—dx[sin(3< +4)| = 2%[sin(u)]d—c:((3x+ 4) = 2coqu)(3 = 6.cos(3x+ 4)

display specia derivatives of special fundions via FORTRAN
el log(t) (f9de_logf [1,2, 3], fode _expf [1,0,-1],)

omit ends

ex numerical velodty of sin(t), try rulefirst d{sin(t)]/dt=coqt) use fOder_gan.f [0, 1.57, 3.14]

ex: findthemaximum haghtreached by abdl tha moved up and down a plane knowing
X=-2t2+t (x inmetersif t in secondg

note x =t (-2t+1) two zerosare at t=0 and t= 0.5
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at maximum, v = 0 = dx/dt = d/dt (-2 t2+t ) = d/dt (-2 t2)+ d/dt (t ) = -2 d/dt(t2)+1
=-2*2*t+1=4t+1 sat 0=-4t+1 wefindtha at maximum4t=1ort=0.25s

maximum postion thusis x(t =0.259=-2(0.25)2+0.25=0.125m

task: knowing x(t), god: findng v(t), tool: derivative thereverse is
task: knowing v(t), god: finding x(t), tool: integral
withoutshowing howto find an integral, let@jus see wha it means
©90
Distance asan I ntegral
Q: By knowing velodty of an object movingaongaline, v(t), by closely monitoring the

speedometer, can we predict postion: x(t) withoutusng a video tape?

THE MEANING OF A (DEFINITE) INTEGRAL
(1) Displacement dueto a congant velodty, v(t) = v, over an interval t,to t;:
total displacement ( x = v( t = v*(t; -ty)
(2) Displacement for two piecewise condant vel ocizties over (ty, and( t,:

| Hv ot

total displacement=V1' L +Vo 1t i " (notation for summation)
(3) Displacement for a continuousvarying velodty v(t) over an interval Lo 1ot , divided up
into alargenumber of N-intervals. Within each interval velodty is approximately
condant.

total displacement = V(tl)! 4 +V(t2)! t+L +V(tN) My
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t
N " "
" V(ti)! t $EEES Oxyt) dt
= i=1 to

Thelast limit is called a (definite) integral of v(t) over t, latin summa. Note tha again
QIGin dt meanstha we can make time interval as small as we want, and we add up all the small
distances to get the x.
Graphical interpretation of +v(t) dt:

area unde the curve v(t) between linest = to andt = .

v(t) /

27
W

RN

f

—

Note for every derivative formulathereis a corresponding integral formula
d(xz)/dx =2X SO +2x dx=x°

note: only thepostionsbetween x% and 2x are switched.,

HW: read Lab introduction (pages 1-14)

Uncertainties and error analysis
(read first part of Lab manual L1)
ex: a=(27.810.1) cm, length of a book 277am ! al 279am
measured quantity = a= meanvaluex uncertainty =a x (af[i.e. (a-(a #a# (a+( a ]
absolute uncertainty with respect to mean: (a (0.1cm)
relative uncertainty with respect to mean: (&/a  (0.04 or 4%)
(27840.1) cm=27.8(1+0.1/27.8) cm=278(1+0.04) cm

mean-abs-unaert mean-rel-unaert
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for single measurement

(& least measure (smallest division for theingrument, 1 cm here)
a :readtotheclosest mark of divisonforthelast digit (0.1 mm for meter stick)
for repeated measurements, ay=a +( a ay=a,*( a a,=asz*( a
a;= (27840.1) cm, &= (29.040.1) cm, ag= (26.740.1) cm
mean of therepeated measurement a: mean value a =(a;+a,+ag)/3
=835/3=2783..=278
calculate the standad deviation, =$( (a-a)%+(a,-a)2+(a3-a)2/(3-1) )
, = $((0)2+(1.2)2+(-1.1)2/(3-1) )= $( 2.65/2 ) =$(1.325)=1.151=1.2
uncertainty of the repeated measurement: thelarger of { least measure, , }

max {0.1,1.2} =1.2

define: significant figure (reliably known digit other than a zero used to locate decimal point)

eg. significantfig.in 8.9216feet is5 andthat in 8.92feet is 3, sig. fig. in 8.92000is 6
but0.00892 sig.fig.is3
Rule of thumb: In general, nofind result should have more significant figure than the origind

data fromwhich it was derived.
When multiplying or dividing severa quantities, the# of sig. figs inthefind answver should
equd thesmallest # of sig. figs in theleast accurate (having thelowest # of sig. figs) of the

guantities bang multiplied or divided. eg. 12* 0.2=2

Don't confuse significant figures with decimal places. consder 35.6 mm, 3.56 m and 0.00356m,

al have three significant figures buthave 1, 2, and 5 decimal places.
When two or more nunmbers added or subtracted, the# of decimal places in theresult should

equd thesmallest # of decimal places of any termin thesum. eg. 123+ 1.5 =125
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(since 1232+15=1247)

error propagation

For 2 or more measured quantitiesa=a+( aand b=bz( b (a, b single or repeated measurements)

Ex: length, width of abook a= (27.840.1) cm, b = (21.6+0.1) cm

sum:

diff:

prod:

s= (27.840.1) cm + (21640.1) cm=496{+0.2orB0.2 or 0O or 0} cm

=(494 £ 0.2) cm, pick theworse cases
uncertainty in derived quantity ssa+b issmply ( s=( aH( bands= s£( s

for differenced=a-bin(d

Absolute uncertainty of sum=sum of absolute uncertainties
d= (27840.1) cm - (216+0.1) cm=6.2{+0.20or 0.2 or 0 or 0} cm

= (6.2 0.2) cm, pick theworse cases, agan ( d=( a+( b
areap =a*b =(27.8+0.1) cm * (21640.1) cm
=(27.8)*(21.6) cm2+(27.8)*(0.1) cm2+(21.6)* (0.1) cm2+(0.1)*(0.1) cm?
~(278)*(216) cm2 [ (27.8)*(0.1)+ (21.6)*(0.1) ] cm?, worse cases
=px(p last term small enoughto ignae
herep=(278)*(216) cm2= a&, and(p=[(278)*(0.1)+(216)*(0.1)] cm2

(P= a4 b+b4 a=a&4( b/b)+b&ad( a/a)

thusabsolute uncertainty ( p = p*(( &a+( b/b) or ( p/p=( aa+( b/b
relative unaertainty in produd p =a*b issmply ( p/p=( a/a+( b/b andp = px(p

Relative uncertainty of product or quotient=sum of relative uncertainties

guotient: forr=a/b

r=7+(r,wheaer=aband(r/f =(a/a+( b/b

Hereisan example:
r=(278+0.1) cm/(216+0.1) cm
=278*(1+0.1/27.8) / [21.6*(1+0.1/ 21.6)]
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= 27.8/216%(1+0.1/27.8)* (120.1/216)1  note (1+e)"1~(1-6), set e=+0.1/216<<1

~278/216%(140.1/27 8)* (1-+0.1/21.6)
~278/21.6*[ 1+(0.1/27.8+0.1/216)] = a/b *[ 1+(( &/ a+( b/b)]
=t + (r,wheer=ahb,and( r/t = (( a/a+( b/b)

ingenea if p=am* bn, ( p/p=|m|*(( a/a)+|n|*(( b/b) eg. p=a2/b3
note: p = aM*(1+( a/a)™M * b™( 1+( b/b)N~am* b™( L+m* ( a/a)*(1n*( b/b)

=am b" ( 1&m*( & axn*( b/bxmn*( a( b/(a/b))

~p*(14m*( aaxn*( b/b)=pxp*[ |m|*(( &a)+|n|*(( b/b) ], pick worse cases

applicationin Lab-Al: %=c/d,and( % =(c/lc+(d/d* (%

V = (9 4) 21, and (VIV=2*(( dd)+((1/T) * (V

#=m/V, and (##=(( m/m)+((VIV) * (#

omit st

Specid

exampl

arts
integral formula | " et dt=cb™Y(n+1) - c a"Y(n+1)

HOW TO EVALUATE AN INTEGRAL
e: 1-d displacement for atime varying velocity v(t)
(01, oS ) ot
total displacement == to
(1) Sumfor 3intervals separ?ted by coosrdinaes Xo, X1 X2 Xi:

) ="
total displacement == o =(xa! %)

+(x2! xl)
+(xf ! x2)

e 1 xo=x{t)! x(t) ! [XO T X[

to

(2) For time varying velodty v(t):

ty
(o) de=[ x(9)]! wp = 2
to , Where dt
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X(t) istheanti-derivative or inddinite integral of v(t)

Relationship between theintegrand and the (inddinite) integral:
| ,theqlerivaiivq of "

V(t)$llllllll X(t)

theanti#derivativéof

Note: d seemsto undo ™.

Note: Every fundion may bedifferentiated andytically. But notevery integra may beintegrated
in terms of simple fundionstha have been given names.

Note: It isaways possible to numerically find thesum to any accuracy.
BASIC RULESOF (DEFINITE) INTEGRAL

b b b
nfi(x) dx =[ f(x) ] =!ﬂ¥ldx=!d[f(x)]
a (note: theLHS a & a )
b b
I cf(x) dx= cl f(x) dx
Homogeneous Rule: a a ex: 9@xdx=29% dx
b b b
I [f(x)+ g(x) ] dx = 1f(x) dx+ 1 g(x) dx
Additive Rule: a a a ex:  %x2+x3) dx=9&2 dx+9x3 dx
b b b
| [ e f(x)+c,gx)]dx=c1f(x)dx+c,gx)dx
Linear Rule; a a a ex: %5x2+6x3) dx=5%2 dx+6%3 dx
c b c
I f(x) dx =1f(x)dx+1f(x) dx
Additive with respect to theinterval of integration: a a b
9%2F (X) dx=9Lf (X) dx+%2f (X) dx
b " Xn+1 %b b b
| x"dx = ' ldx=[x],
Power Rule: 2 Bl & (forn"-1) O dx=x2/2 ex:n=0:a
b
! %z[lnx]gz Inb" Ina= In%eb-f‘
special for n=1: a X a

Recal (tMO=ntrl (e9Ge< (Inx)&GUx  (snx)O=cosx  (cosx)O= -sinx
S0) xt1=0mxldx eX=0%dx Inx=%/xdx sSnx=%o0sxdx cosx =-9%inx dx
comment - by formulatable %M dx=xM*1/ (m+1)
- by guessing (xM*1/(m+1))& 1/(m+1)* (m+1) xm = xm
memorizing formulas (besides meanings sope steep hill, shdlow hill and down hill / area)

Specid integrals: Fortran demo:
b b

| € dxz[e" ]: t|J cos(x) dx =[ sin(x) ] | sin(x)dx =] " co{x) ]}

a
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(foint_syrtf %i$td= 23132,  f9int pif 4%I$(1-x2) dx=%  f9v_2tf)
Catch up and GenEd
APPLICATIONS of INTEGRATIONS
(check which integration rules have been applied)
ex:  velodty of aparticle unde the congant acceleration, a
t t
av_ | dv=1 adt
dt ~ so  dv=adt integrate fromtime O to time t: o o
t

vi)] - =al dt=aft];

[V, o [t]o we get v(t)! vo = at

or v(t) =vo+at  (kinematic equaion)
HW, ex: displacement of the previoussystem:

dx

—=y(t) = t _

at ~V)=vo+a . o dx=(voratjdt integrate fromtime O to time t:

t t t t t t . "2 % 1,

| dx=1 (vo+at)dt=1 (vo)dt+1 (at)dt=Vol dt+al tdt:vo[t]0+a£?' =vot+at

0 0 0 0 0 0 & =

t -—
and theleft-hang-side= X 1o =x(0 xo
1 o
t) = t+=at

or WFxorvetra (kinematic equation)

omit ends
©100
Acceleration

Galileo@indinedemo

Asyour car speeds up, velodty changes, the car accelerates, or as an elevator speedsup/down.
Accelerationisthetimerate of changein velodty, changein v per unit time.
units of m/s/'s = m/s? (similar to speed which is thechangein distance per unit time)
Imaginealinear speedometer, with negative readingsfor backup. Thisis called avelodtometer.
Thevelodty of thevelodtometer needle is theacceleration. Gaccelerationisthe speed of speedO
If velodty changes rapidly we have alarge a, velocity changes lowly, aissmall, if thecar is
traveling at asteady speed, then ais zero. (Itswhen v" 0 and a=0, Isit possible to have v=0, ' 0?

Yes. | tossyouupinto theair.



PHY 110 LECTURE NOTESBY DR. SU
-31-

So aisdifferentfromv. They are also different from x.

mathematically 8y =(V/(t and a=lim g« o(v/(t=dv/dt
Notetha a=d/dt(v)=d/dt[d/dtx] (usenotation) =d2x/dt2

v=dx/dt (first derivative of x, v is the GonQof x)

a=dvft (first derivative of v, ais the GonQof v)
But a=d2x/ dt2 (seconddeivative of x, aisthe QrandsonQof x)

Graphical interpretation: Signs + if concave up, - if concave down
a<o0 a>0 a=0

postions= .5*g*t?
S

3 1
q 2.5 0.8
3 2 0.6
1.5
2 1 0.%
1 0.5 0.2
0. 20.40.,80.511.21.% 0. 20.400.80.511.2.% 0. 20.400.80.511.21.%
velodties=g*t
down line upline flat line
acceleration=g
bdow zero abovezero ZEro
line line line

deceleration: aOopposte to YO
(note v still >0, but change<0) v and a are opposte so speed ows down (close your eyes).

Note: you®@e tossed in the air, onyourway up: deceleration, down: acceleration.

ex: a< 0, please give exampleswhenv > 0orv <0. Isit posible?

yes, (1) car forward butsowingdown v > 0, a<0. (2) car moves backward faster, v<0, and a<0.

Accelerometer O-- acceleration indicator
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Suspend amass by a string from your car@ rodf. When you accel erate forward the mass swings
back to an angle fromthevertical. When you break, negaive acceleration, the mass movesto a
forward angle. Themassmovesin adirection opposteto the acceleration, andtheangle
gives ameaaure of the acceleration: a=gtan’ (9=9.8m/ds, later)

Wha aboutbdloontied to aseat in abus?

Surely a can still change dadt’ 0 possible, butais sufficient, because aislinked to agiven

force (a=F/m, later)

ex: If aiscondant, and your car accelerate smoothly from0to 50mi / hrin 5 sec. Wha isthea?

a=(50mi/hr-0)/5sec=10mi/hr/s=10*1600m (/ 3600s) / s=4.44m/9s = 4.4 m/s?

ex: v=3t2+2t+l,a="?

a=dv/dt=d/dt(3t2+ 2t +1) = d/dt (3 t2) +d/dt (2t) +d/dt (1) =3 d/dt (t2)+2+0=3*2*t+2=6t+2
a(t=1)=8 m/s? but a,(0to 1)=[ v(1)-v(0)] / (1-0) = (6-1)/1=5 m/s?
at=1)" a,,(0to1)
ay, = (a(1)+a(0))/2 butthisisonly because tha a(t) isalinear fundionof t. This

relation will not hold otherwise. a,, = ( Vv/( tismod genera way of findinga,, .

Falling is another common kind of motion. Galileo (1564 1642)wondeaed aboutthis problem.

demo:  drop something, book, pencil, telephone set and watch (dor® drop, just watch)
moveat constant speed? Happened toofad totell?

Galileo figured out away to dow down thefalling motion, his appaatus inclined plane

Now themotionis supa sdow, he could use his pulse asa clock and count

Theequivaence of thisto free fall will be seen later butif youtilt the plane steeper and steeper

the motion becomes freefall.

Ball roll down an indined planeand countequd interval of time ( usng pulse)
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In 1¢ countof timeit rolls outadistance of x4, in 2 counsit travels out x,=4x;, 3 count out to

X3=9X;... Law: x - 12 so x= Ct2

and since v=d/dt(C t2)=2Ct, and a=d/dt (v)=d/dt (2Ct)=2C, we have C = &2 or x=1/2 a t2

dsowehave v= at

If C=10, v=dx/dt=d/dt(10£)=20t, a=dv/dt=d/dt(20t)=20

Sov = at and x = 1/2* at?

draw aVv,x vs. t

Skip starts

40

30

20

10

ex: dropablodk of conaete from arooftop (make sure your sister isnotbdow it)

because a=g wehave v=gt
after 1 sec, 2 sec,... how fag isit moving? (calculate) 9.8 m/s? and 19.6 m/s?
how far doesit fall x=1/2gt2
after 1 sec, 2 sec, moved (calculate) 49 mand 19.6 m
Hereisatable (FORTRAN, save your calculator and muscle f9 dropf)

t(s) v(m/s) x(m) note a(m/s?)

0 0 0 9.8

05 4.9 13 9.8

1 9.8 4.9 X1 9.8

2 196 196 4%q 9.8

3 294 441 9%q 9.8

4 392 784 16xq 9.8
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skip ends

Galileo found tha obijects fall with constant acceleration!

Galileo wondeed how therate of fallingis affected by its mass.

Compare dropping book, pencil, telephone... Tower of Pisa experiment!  not affected!
Drop now a piece of paper with abook, paper goingdower. Thisisdueto theaffect of air
resistance

Drop bookand pgoer, face down, edgedown

Normally, pgoe dropssower, butin avacuum (ideal world), as onthemoon, it dropslike a
brick Demo: vacuum tower

demo: duplicate theexperiment onthe earth, inade of a container with theair pumped out

Cond: neglecting air resistance, al objects fall with the same acceleration regardless of mass.
ex: Forfreefall, theacceerationis congant and we may have
v=gt and x=1/2gt?
For acceleration dueto gravity, use g=9.8 m/s?. Note acceleration isindependent of mass.
From careful experiment (you will dothis) therate of freefall (near the surface of the earth) for
all objects fall with acondant acceleration g=32ft / 2 =9.8 m/s? (neglecting air resistance)
Why isit tha the Coors stadiumin Denver isbetter place for basebdl hitters?
g decreases with height (R to the Earth center)
g inareases with the Earth mass
Einstein (18791955)reasonal tha al objects move thesame in a gravitational field,

therefore, gravity mug beaproperty of space andtime rather than of the objects themselves.

Remember Gdileo@indineg? x=1/2at?, v =at, nowwe need to extendto x," 0, vo" O
Theequdionsfor congant acceleration are so important we will derive them again.

One-dim. uniformly accelerated motion (fromleft+middle figs naturally get right fig.)
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a \Y

A ‘ /

slope 7 slope \
1 a VO x0
1 1 1
X0 VO 1/2at’ on the graph
tiles up on theright
fromleft figure: a=a=(v-vp) / (t-0) = (v-vg) / t (1) v=vytat (cond. @)

butfrommid fig: V = (vo+v) / 2 (linear) ¥ = (x-xg) / (t-0),

Equée theright hand sides and multiply by t: (2) X-Xg=1/2(vy+V)t (cong. @)
rightfigure subgitute (1) in (2) and smplify, 3 x-xO:vOt+1/2<5t2 (cond. a)
ex:check v=dx/dt=vy+a & a=dv/dt=a (addition of vO and x0)

subgitute from (1) t=(v-vg)/a, into (2) x-x=1/2(vg+V)(v-vp)/a  (4) vZ=v 2+2ax-Xy) (cong. a)

now usecalculus:  v(t) ="a&t) dt=at+ C wheeat istheanti-derivative, C = v(0) = v, isthe

the congant of integration
X(t) =" v(t) dt =" (at+v(0)) dt= at’2 + Vot+ D wheeD = x(0)=x,

ex: Howfar doesa car travd if a=cong, let it accelerate smoothly from O to 50 mi/hrin 5 sec?
a=(50mi/hr-0)/5sec=10mi/hr/s=10*1600m (/ 3600s) / s==4.44m/9s= 4.4 m/s?
X =1/2at2=1/2 (44 m/s?) (592=55m

Q: reactionto catchingadollar bill  a=9.8 m/g/s

eg. human reaction (hdf of adollar bill 10/2cm long):
y=vpt-12gt2 * -0.08m=(9.8/2)t2* t=0.13s

eg. timefor 1 m drop of key

eg. timefor drop of adollar bill

eg. other reaction time in sports, driving school
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©120
Summary and the vector natur e of Quantities
vectorsand scalars N definitionsof postion and displacement and distance
directionin 1d: _the O$gnO

posgtion isthelocation relative to some reference point, often theorigin of an axis.

+ direction istha of increasng coordinates, theopposte directionisthebdirection.
Position isavector (direction and magnitude): line points from origin to thelocation.
Vectors have spdia indications scalars do not

(vectors extend in 2 and 3 d, in which case we need not onebut 2-3 signsto specify, more later)

(x vector)
I x
displacement isachangefromonepostionx; to another postionx, X'l X'2

( x=x5-X1 (( represents achangein aquantity, final valuelesstheinitial valug) (vector)
adisplacementin + direction means( x>0. only initial & final postions nat history
(eg. stationay vs. roundtrip cars)

note: postionis adisplacement from origin to thelocation

distance isthe odometer reading, doesn®care for direction, ascalar (+ quantity)
ex: timeisaso ascalar. (volume, age temperature...)
Magnitude of avector isthe absolute value of thevector. Thesign of thevector indicates the

directionin spece.

checkpoint: three pars of initial and find postions alongan x axis, which pars give a negaive
displacement (a) -3m,+5m (b) -3m, -7m(c) 7m, -3m?

definitions of averagevelodty, average speed, velodty, and speed
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eg. onerabbit tha movesto theright (t=0, x=1m, t=4s x=2.5m)
draw examplesof V>0, V<0, V=0

averagevelodty, istheratio of the displacement ( x that occurs during a particular time interval
(t totha interval V=(x/(t=Xyxq)/ (toty) [ avector ]

onthex(t) curve, V isthe dope of thestraightlinetha conneets two points, (Xo,ty) and (x4,t7)

¥ >0:linedantsupward toward theright, V<0 : linesants upward toward theleft.

¥ and ( x havethesame sign always (since (t > 0)

eg. Michael Johnn's200m record run (assume can unfold thetrack outto a straightline)
V=200m/ 19.32s=10.352m/s

average speed: S =total distance/ time interval [ ascalar |
no definite relation with V (eg. object returnsto original pogtion)
ingantaneousvelodty and speed: how fag at agiven instant

ingantaneousvelodty (or velodty) v

obtained fromthe V by shrinking thetimeinterval ( t closer andcloser to 0. V approachesa
limiting value, velodity at that ingant: v =1im (.o ( X/( 't = dx/dt. [ vector ]

velodty of aparticleisthedope of its

vg=C

vr<0
vp >C

postion-time curve at any ingant point. >t
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speed: magnitude of velodty (stripped off theind cation of direction): s = |v|, scalar
s, = total distance/time, (scalar)

€g. speedometer gives spead. €g. X=7.849.2t2+ 113, v(3.59 = ?(3.25m's)

checkpoint (1) x = 3t2 (2) x = -4t2-2 (3) x = 2/t2(4) x =-2, in which case isv congant, negdive
direction, dowing down?

averagevs. ingantaneousacceler ation

when paticle'svelodty changes, it's said to undego acceleration
theaverageacceleration over aninterval (tiscomputedas — a=(v,-v,)/(t,t;), vector

theingantaneousacceler ation (or acceleration) isthederivative of thevelodty: a=dv/dt, the

time rate of changeof velodity, aso a=d?x/d2t, vector
X

A :
YA
N

vector * scalar (no) vector = vector = vector  scalar + scalar = scalar

'

vector / scalar = vector scalar / scalar = scalar

ex: toss atomato into theair or, send abal up Galileo® Giceeleration dilutionGdevice (inclined
plane). Thebdl startsfag (v>0 large), dows down (v>0 small), stops(v=0) [al leadtoa<O0
] then thebdl rollsdown, fager (v<0, small speed) andfader (v<0, small speed) [ adl lead to a

<0] Similarly: tossed tomato a=-g (toward the earth center), and it splashes eventudly.

ex onfreefall (+y assumed upward, a = -g)
recall vV =Vp-gt
Y-Yo= Vot - 112 g2
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pick axis, which ispaale tog (+x is downward)
vV =Vy+ gt

X-Xo= Vot + 1/2 gt?

€g. (ex 2.15, toss the tomato from a bulding roof) v = 200 m/s, h =500 m
pick +y up, v =20ms(9.8m/g9)t y-y,=(20m/9)t - 1/2 (9.8m/s/s)t2
Let toplevel of roofbey=0m
(a) time to reach maximum height  -> v=v-gt -> 0=20.0m/s-9.8m/s?t ->t =2.04s
(b) maximumheight -> y=vt-1/2 gt2=(20.0mVs)(2.049-(0.5)(9.8m/s?)(2.0492=204m
(c) timeto reach buildingtop level agan  ->0=(20.0nVs)t-(9.8m/s2/2)t2->t=4.08s
(d) velodty when reached thebuildingtop ->v=(20.0nVs)-(9.8m/s2)(4.089=-20.0m/s
(e v(t=59  ->v=(20mM'9)-(9.8M/s?)(59=-29.0m/s
y(t=59  ->y=(20m's)(59-(9.8m/s?/2)(59)2=-22.5m
() v before hittingtheground ~ -> -50=20t-4.9t2 -> 492-200500-0
take + solution

->t=(200437115)/98-5.83 ->v=20-9.8(5.83)=-37.1 m/s



