A b'r& obost me ...

"I‘m ociginm\\y 'From VomCOUVQF-

TITm a '\'kgore'ﬂé&‘ hysics 5T
and  Cosmoloy f;h)'

Risk‘f now Lm do'm_g reseatch one

Dark Matter Physics
The Motter vs, Antimoter AsyyhmelR,
Collisions between Univegses id o Mol vese

Cosmological Pectorbation Theory
Cosmic Zl-cm Flodvaltions (Rodio)
Ma K'mg) a 3D Mn? st -the Onivelse
and\ Meo\soﬂnﬁ the Ex\oovssﬁw Rate
DacK Energy

EET Teleslopes CHTME (Rodio)
5'1'(‘07\ G'rmvﬁmﬂbm\ LBnSi!B
Satellite's and Space Sciefee

« Grantitione| Waves

¢ 6 o & p @



Covrse L'03 isTice
Pkys‘]cs 350: A”?p]icq’ﬁons of C’assicq' Mechonks
L ectuce: M W |3 3:00 - 3.50 Hehn'mﬂs 201
Tutocal: ™ 9.00~9150  Hennings 202,
Prof.  Kris S‘:soralson (krs © Phas.ubc.ca)
TA: T RA o )
Website: W WW. phas.ubc.caf~Krs | PHY5350

Office Hoors: T B A

Textlboo X & Ketuiredi *“ Classical Mednarics™
by John R. Tqy\or

N

Op"\'ionon\: ** Classical Dynamics

by Thoriton and Marion
(Advanced) € C%OSS?CO\‘ MSC‘M\V\'ICS”

by Goldstein, Podle,and Satf Ko

Teols ¢ Mathematica y Matlab 3 Od‘owe‘ Py-}kou



Course Feedback

# Questions Please!
% Office Hours

*Email: Kkrs@ phas. vbc.ca

>_~§

ros'fdhs

g

o,eﬁ\(.(.



Pro') ects

A Physics  project:

K Teams of~b
X P‘om o\esign omo\ build a

virtoal hysical s s’l‘em
+£sro\:FUq demonS’l‘r?:Fe Y
advanced con cep*f celcited

Yo dassical n}gdr\om( cS

be yond +the basic metecd i
+he course.

X Researdn ond De Vdo\omeﬂ‘" Repod‘
X End of Tem Presenteilions !

Stact Hhin King aboot who
)lou wort T8 wafk th
d W\Mﬁ‘ )lOU‘O‘ l:ke

ASAP

MUC’A more Jo Tollow



Course  Godls

By the end of PHYS 350 you
should be odble ‘o4

K chk‘?’ wrtte down differential
ua‘f s Hhat describe the
O‘HOV\ of almost any medhanical

Sydem

X Know how to chqradeﬂze the
solutiong of -thes ejq::»‘c&hons
with conserved 7/oqn

2K Solve, nomencqﬂ tf neceSSOl
‘the. motion of a\mcsf om nlco\
Syﬁ'em (at leasT in p(‘\nu

¥ Build a virtud or physlml system
Hhit demonstrrtes and  Communicales
an advanced concept of principle
of classicwl mechanics,

K Commomc:i{“e “the basics of Lo\ rangtan

Mechanics 1o a non exper'i‘ s ahd
onadvanced concept to your peers,



Why mow Classtca| Mechouics

* Becavse you want Jo Know
how "\'h\ngs woe K,

* Becase Yyou wowit to oild Some‘l’hing
3k Civﬂ) MC(J’\GMCa[l Robo'ﬁc,s ’ Compd'['e(‘

L7 Grame” Physics
¥  An m{"ouna}v\a\)/ ood descligton of
dhe world  above cifomlc (g uondiom scole

% Yoo wont Jo know how o Pﬂ)qcb\
Yhe sSome Pﬁ)\o'levv\ ‘om Mm?\g ang les,

% Problem s0Wing Tedhnlques and adqp'ﬂvs
to deal with Hew problems are
vseful in all sochs of ‘olim‘hdns
outslde of physles o englineefing

% The obovious genemlizaflon of the
math  and  methods we -talk dabost
here forms the  basis B
all Known physics, "

" Real P ys?cs has o Las,rahg)l‘o\vx



What is’ Classical Mechanics?

Mechanics is " the ‘stody of how Hhings
move. s " T

¥  Planets aroond the Sun

* Electron th o Magnetic Field

X Bend On o W‘\re.

*® Dack Mafter in the Guloy

¥ Rockel m SPGCQ

M Po“cy in a Madine
/-> g;“; Qoqn'h"m Mech anics

emintsTic

Classical
\]/ \ Not Relahivishe Mechanics

V& C

stem of sPh sical peinciples Ficst described b
@q[tleo (15ek -1642) and Tormolited by |NewTon|
(letz -1727) In his “dheee lows of metion,

* Philosophise Natoralis Princigia Mathemdatica
published 16¥7




W hat is Classical Medmn‘ncsz

Later, two alterndfive formolations
weee  develo ped. - |

[Lagrange| (1736 -1213) ~7 Lograngian Mechanls

Homittor| (1205 = 1g65) =7 HamiHonian Mechantcs

while we will show these alternative
'For mo \od‘\OnS are  Cowm Pld@[ﬁ_ eq vl va, lev\‘f'
4o Newtonlan Mechanles, “the "

ofte
allow for  dramatically “more ‘stratg\it-forwacd
solutions o com plex ';r)\o\ems‘

Newtonion, Lo grangton How il Tonlan

Classtcal Mechanics

We will q,u?cklx femind ourselves of -the principles

of Newlonlan mechanics. The magjorily of the coulse

wiil be Spcv\'\‘ maﬁeﬂng Up lieations of

Lagrangtan mechanles ;= and Hen

Hamiltonian mechantcs, (sobjer o course/fHime
consTrats )




Basic Conceg S

The Universal Clock

Tn the CO\o\orox]md‘l"e_ +ialec\hzed) WOPH
of classlcal mechanics time is™ a single
universal pammd'er +hat aoll observers
agree  on vp fo The _answer o

° when is =07 2

Tf  a groop ‘of observers  synchfonlze
thele  clocks they will forever agree
“at what % any’ evest tukes place

QOTVIE%E., bat o very very good o\ﬂomx)mdfm

£ all oomponew{*s of a mechanical
move af low velocihes +hen time Is Unlversal
| Loc ol plactical Pucposes,



Baslc Covxg@ts

Vector Basics |
x Review P 6-3 P33‘3‘-l 'Tqylt)l‘

For  T=0h,0,0G) 3=(5,5;%,)
T+s = (N+s, | Gtsy, Q-l-SD
cT= (CP.’CFL cry)

TS = 05 +0S5,+S, = [8]I8] 05Oy
It]* = —\.:‘-‘e = G+0+6G
2,

S
S

n
\

R r,e, +Tz€z+ rxes in genecal coordha“fcs

s —b - A
T =V= ne.+r.e PENEE S R
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Basic Conceg'i‘s

The S‘f‘qge
Spqce 's The sf‘ase where 'l'h‘lv\gs Tuke p(ace,

Q2 K

X &, +yé&, +18,
r,a, 0 +r;,,€3 = ()

Be fomliac wih d[ﬂ:e(eﬁl' COV\VQV\'HW\S Foc
cartestan coofdinates,



Bastc Conceﬂ‘é

Mass s the "“jnectia" or resistunce
o aceleration. Scalar fl,Vﬂ'\"l"’ﬂ)(

Force is a vecfoc guan'i %i;f
Macadtetizes a " Push o Poll
in 5lmp\e Terms,

Frame 15 a chotce sf spalial
oxed ond “theic state métion.

R E



NewTonlan  Tormelisms Ch [ -2

—Ty Pes O'F Forces

COhserVo;hbn O"f Mow\erﬂ’om
A"& dac MomerTom

Enenyy
e

P(Tf M'ﬁql K m?hc

Single Pacticle Systems
Momy Pachcle Syd‘ens
Constraimls & Cootdinales



Newbton's Lows of Mstien

For a point parchtde (o eadn particle
in an gd';\dej bOO\y> g

D Newtons Fist Laws (Law of Tnechia)
Tn the absence of forces a pm’h‘de
moves wrth a constant Veloch'\/ V

@) Newton's Second Low: ( F=m@= mV=P= mp)
For any porficle of mass m, the net fofce F
on it ?s always equal To mass times -the
instantaneovs  ‘accellerfon.

(3Newlon's Thied Law: € Action Reazliony Ty =~ Fe)
Tf obbe& 1 exerts o focrce Fey on ofjedt
L then ogject 2 always exerts a reagilon
‘Fo(‘ce ﬁu Oor) Ob:)&d i 9‘\@9\ bf F;‘:: "Rz

An  inecHal Trome is a Frame where @ holds,
A rotating Trame 1s NoT an inectial frame.
An  accele noy fomwe 1S NOT an !ner'ho\l “Fm«e.

Extended to each particle in a system of
N pactlles ~thesd - lows  complet “cbwmder lze
the' motton of mechonical M5 e
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Newbton's Lows of Mstien

For a point parchtde (o eadn particle
in an gd';\dej bOO\y> g

D Newtons Fist Laws (Law of Tnechia)
Tn the absence of forces a pm’h‘de
moves wrth a constant Veloch'\/ V

@) Newton's Second Low: ( F=m@= mV=P= mp)
For any porficle of mass m, the net fofce F
on it ?s always equal To mass times -the
instantaneovs  ‘accellerfon.

(3Newlon's Thied Law: € Action Reazliony Ty =~ Fe)
Tf obbe& 1 exerts o focrce Fey on ofjedt
L then ogject 2 always exerts a reagilon
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Frames

Choice of sPo\-hq‘. ofigin (?’-‘ O>
Choice  of femporal origin  (+=0)

A A A

Cheice of spatia| directions e, e, , €,

A "F(‘o\me S Consis"l's of Speci‘g"\v\s these
chacocteristics.

a
1

> 2
5 :



Fromes conl,

For instances S coold be o Trame of rest
with rcs\oerj B the EBoarth's surfuce

For fwo fromes S and 5 we can specify
their relative relation SNP \o)/ 3iviv\3 +the
coordinctes of the origjin ond directions
of one frome 1 Yerms of Fthe O'H‘ef

1




Coordinates

Once we have chosen o frame
Yo wotK in we still have the choice of

+the.  coordindle sys+em we uvse,

Coordindgte Ino\epcnden e’

N P\r\ySEc.s doesnt care abost coordinates

Once we hove speci'ﬁ'ec)\ on iner"”if»\\ -mee,
NewTons 2™ Law is valid no modfter
whiclh coordincite sys‘rem we Choose o

weite i n.

The PO)[«,?L.’ -ﬁ e ma = m%

Vector eqwition teve in all
coo folingTe S)cs‘f‘ems.

However, we can choose coordindtes
convenient to oor Prob\emf



_'_f:mmes COn'*.'

For instonces 3 could be o Trame ot rest
with rcs\oerj % the EBarth's surface

For fwo frames 5 ond 5' we can specify
their relative relation $\n'|P b)/ 3iviv\3 +the
coordinates of the origyin ond directions
of one frame n terms of Fhe 0"“"9("

1"




Coordinates

Once we have chosen o Trame

Yo wotK in we <still have the choice of
the.  coordindte sys‘l‘em we uvse,

Coordindgle Ina\ependence.:
“ P\'\ysics doesnt cace abost coordinates ?

Once we hove Sped‘ﬂ«}\ own inerﬂﬂ\ -mee,
Newton's 2™ Low is wvalid no medter
whiclh  coordincite system we chose o
weite it n.

The PO)pﬂL.’ -ﬁ o ma = m.T.l‘

Vector eqwition “trve in all
oo f‘o{inq'fe S)cs'f‘ems.

However, We Can c‘ooose Coora\?nod'es
convenient to oor Profolemf



_gar’fes'l an Coordinates

- A
Posttion Veche T= XX + yg‘/ + 292

Aecslecton Ve T = % 459 +2.2

Fofce Vedtoe —\E= Fx;\( - F79 -+ szz\-

N o
F=m?t <& Fe = m¥X
Fyz m');
F=m?%

In Cartesion coordindtes the three-dimensiony]
VCL'[‘or E,ctuod';ov\ \oreo\Ks UP ih—to 'HAI'CC

one -dimensiona,| ewuot\"ions which
ore idevtical (vp o what we decide o

wite fore “y*, y ec "2t



Exo\mple Chatme  lbetween =two
Conduh plafes en Eorth's
sorfuce.

my
4
e

Bledic B~ E = ER Fe = o F
Grwtlionsl Field g =q (-2 fy= mg

%
X('D X +2(+ / \

—m9=m7_ %E m X

Z*Zs + Vz.—l- —"‘ZL.
X2 X + Vit +Jz:3ﬂ,-n'+

\r




Plane Po\ af Coa(‘o\‘m&kts

onstrain, 220 for Fime beina

9/ N
R
X= rcosfP = \[}27;71
b (‘s'mq) (\) = arclan ()'/X )
Posttisn Veclor - € = T
-.s o A
=7 r=rr+

Whet is ?‘7 What is @7




Plane Polag Coordinntes conl.

Simlacly = cosq:c‘p?( = %ih¢ (}9’ 2 = il?

dr i e A o A
S —7 FF=T=rv +0dd
v, v

Ve=C Vi=

Similacly
Acaoction Vecho T = (F= c8)F + (c§+215)
Force Vector F=F T+ F,}a)
F=m?¥ &7 F=m(E-r§)
F¢=m(r$+z%<i>)
Simplifies  for = const oc ct):: conzt



Exomple s Bal on o Sten
MP, (aKa, “The S?mzP l? D@hoto[m,)

1

Tt
A\
CS ) ‘ mg
™M ‘

Frz =T+ mg cosc}>

Fp =_=mg Sing
(odlo| =2 (=0 =0
Fez m(f—-réz) = — rﬂQCP1
V= 2
_ Va2
Ff-" —mg

Q E7,£\chx5 | Fq?m((‘&; "*'Z.f?C‘P
*mgstv\q> = m&'qi



g%? = -4 sind
b7 Sind = 4;
B T
b = —wzc}

=8 oot
5in (wt

&) = Acoswt) + B sia Cw‘D B
)=k 2h= v ¥ j&
b)) = &, costwl) + T V"" sin(wt)



