
 CN1 Intro to Class Neck

OHneiwhat ischfckai.es
Howdo we formulate it
What are the essentialphysics
models for single particles
Whatmathematicsdo we needto

get started

Whats Classicphysics
the study of slow large things
slow no relativity

no QFT

large no quantum no statmech

Whataboutelassichechanics

We now add mechanical to
our conditions and so we exclude

electromagnetic systems



not always we can describe

the force on a charged
particle using a classicalmodel

Fomentz 8 É Ñx B

Howdowehmlatec.net
We first consider how have seen
classical mechanics in the past

Freema
Newtons 2nd
haw

notice this formulation is vector

based That is the relationship

between pushes and accelerations

are rectoral Namely

Fx Max Fy may Fz Maz



Each push in a Cartesian direction

results in a proportional response an
acceleration in thesafe direction as
the net push

EXI Box on a plane with friction

What angle does it

My

slide it coefficient
of static friction is

to Us

normal
IIIEIE.tn

changeto y

FÑ mÑ o static

Max friction force F MSF



Fx Framp Wsino 0

Fyi Framp Wioso D

W mg so that

Framp11 mgs.int Framp mg cost

But Framp 11 max Msmgcoso

so

mgsino usmgcosomaxl.tanoMs

D tan Ms

steel 0.16 Mabber 0.8

90 39



Notes this was a static problem
Fm O

We rotated the coordinate system
to Match our ramp
we still used Cartesian cords

Effalling Predictive

Fair models for Fair

I
y w

let Fair FIV just some
functionofV

In ID

Frety may my Flu

Assume low v why
Classical Mechanics



Taylor Expand FIV keep lowterms

fix ex as
a

formula for Taylov Expansion around

a

flx f a f a x a f a x a

Cool Let's do that for FCV around
v o when Farag 0

F v Flo F O V FIO

these are just s

quadraticdrag
Flu buter

linear dung



Back to Newton 2

Fy may mg bv cv

and thus

ay g 1mV
V OOF

If g 1m

g key j
i g

Fmv v

We will come back to it



Note this is a dynamic ID problem
this is a nonlinearproblem
we are stuck the moment

Enter Discretization another formulation

we psitdiscnteti.me like
snapshots of the motion where

a given measure of time ti exists
in a discrete set from to tfinitial final

tt to tf
thus we concieve of a plot of
motion as discrete

y 4

KIE.tt
tt



if these are equally spaced

Efo then or
1 Y

At tix t Into
41
Thus ti totiat

ylti Yi

Great but what can we do with this

Let's define an average velocity
over

a time step At like this

IVHe.SCFI
Avg velocity

ti Vi discrete V also

vi
Y Y Avg velocity

discrete



Note if we take the limit of Δt 0

we have the instantaneous velocity
fundamental

fig
I If is theoremof

calculus

ok what about the acceleration

We can also define an average accel over

an interval At

ats I.IN
tentonalti

ai discrete a

ai
V.it
iG

average acceleration

discrete

Again we can take the limit as At 20

to show the instantaneous acceleration



lim Fri

É t t t
Here the force changes with location
a position dependent force

F x Fi discretize force

ai Film Newton 2

a If Vix Vitaist

predict the new
Viy ViEmI velocity just a

bit later



Nice Now we can predict the new velocity
Viti a little time later

We will pause here and derive these
methods

for numerical integration later

Thediscrete formulation is quite powerful and

will help us solve our equations of motion
like

ay g EV Ev

mathematicalidasarewegoington
need Obviously algebra geometry lots
CoordinateSys transforms lots
Differential Integral Calculus lots

Vectors and vector operations lots
Discrete Calculus some

Complex Analysis a little



2 42 r paraso yersino
Plane Polar coordinates no

F 49 ye 9
unit vectors for Cartesian fixed in space time

Claim 8 1818 roof

P xK yy 181
0247

F F F 44



1h31

2 19
14,2 7

piei

E

8 yy ZE

xeityeitzejee.MEesEfunit vectors are fixed in space time
in inertial frames

magnitude L lil 1 lezl l etc

The are orthogonal their dot product
vanishes b c theyI j 0 ÉÉ l are

g ej oei.int
etc etc



Ef.FI E m.m

axbxtayby azbz all 5 costab

Ex
The dot product is distributive

G 5 8 5.5 5.8
PROOF

5 8 ax ay.az 4bxtcx bytcy bztcz

ax bxtcx ay bytCy az bztCz

axbxtaxcxltlaybytaycyltlazbztaz.cz



axbytaybytaz.bz axCxtayCyt4zCz

a.B a.e a.L5 E

iii
to find
component

i aybz az.by qj axbz azbxl

k axby aybx
Note
there's
a sign

8 5 change

aybz azby azbx axbz.axby ayb.it
cap 1 comp Efferent



a few notes about cross products

1 8 5 always produces a vector
never a scalar

2 Ext denotes the ith component

of xD a scalar

3 9 8 8 8 order matters

Question what is axD relationto

5 5

RHRule EXT 8 8



reminder
Truly units are helpful very muchso

F length
length time

length time

E

In th
etc

E a fth

Heitor DragModel

Flu CV dv 063



Question What are the units of the

drag coefficients

F
a th

all coeffs

a x.IEITa c

ar

F an V

an
F

my

LEFT
an mass time

2
length



EEI.s.im I 1

checks out

as a I
I also checksout


