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A Einsteins Postulates
A Time Dilation

A Length Contraction
A The Tunnel Paradox

A Q&A Questions welcome throughout
the talk!)
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Isaac Newton publishes his
three laws of motion in his
Principia Mathematica, in
1687.

By applying these three
simple laws, we can
describe how even the most
complex mechanical
systems behave.

Newton’s Laws are what we
use to launch rockets,
design skyscrapers, and
work out the motion of the
planets.

Launch of the first Space Shuttle mission, 1981.

Isaac Newton, 1702.
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Newton’s First Law

Objects will not change their
motion, unless acted on by a
resultant force.

Things don’t move unless you
push them, and don’t stop moving
unless you pull them back.

Wx ¢ 5t WY 'n W
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Newton’s First Law

Objects will not change their
motion, unless acted on by a
resultant force.
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Newton’s Second Law

The acceleration of an objectis

directly proportional to the force
applied.

Objects accelerate faster, the
harder you push them.
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Newton’s Second Law

The acceleration of an objectis

directly proportional to the force
applied.

O to 66 MFPh
Q ~ 5 secomafS

Objects accelerate faster, the
harder you push them. —
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Newton’s Second Law

The acceleration of an objectis

directly proportional to the force
applied.

Objects accelerate faster, the
harder you push them.
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Newton’s Third Law

The acceleration of an objectis
directly proportional to the force

applied. MNewton on
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Galilean Relativity

In 1632 (ten years before Isaac
Newton’s birth), Galileo
described his principle of
relativity in his Dialogo sopra i

DIALD(I)GO

. : ' > Dikpoco ““ONNSE  GALILE
due massimi sistemi del s Ere s T g
e o g H DELLO STVDIO DI PISA.

mondo . > e i‘y ;« / E Filofofo, eMaIem‘al/w primario del

= §§ GR.DVCA DITOSCANA.

Douenei congrc{ﬁ(ﬁfi}i\‘:aérur: giornate fidifcorre
It is this book that would see & ; oo RConCAD
Galileo confined to house I e
arrest for the last decade of his at . con rrt SR P vizzcr.
. . B : N {

life, for challenging the ' - '
Geocentric orthodoxy of the S L S e
Catholic Church.

‘Dialogue Concerning the Two Chief Galileo Galilei, 1640
World Systems’



Galilean Relativity

Relativity is all about
translating what one
persons observed, to what
another person would
observe.

Al.ce
This second observer
might be located at a
different pointin space
relative to the first
observer. They might also
be moving relative to the
first observer.

Throughout our discussion we will use two observers, and , and
make comparisons of their observations of different events.

Let’s consider what these two observers see when throws a
at
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throws the tennis
ball towards at a
speed of 5 meters per
second.

Thisisthe speed she
perceives in her
reference frame.

\ We will come back to

In

, the speed of
the tennis ballwhen it
reaches himis still 5
meters per second
(ignoring air
resistance).

the idea of a reference
frame late. For now, we
can think of this simply
as Alice’s Point of
View.

Alice's Referevce frane

Smi
[ S

Bob's Reference frane
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How about if IS
running towards ?

In
, sShe see’s Bob
moving towards her at

As aresult,

measures the velocity
of the ball to be 7
meters per second in

Alice’'s Reference frame

2M/s
<
Sm/ps
"
Bobs feeferct"CC framne
2M/s
=
#M/S
 ——>




Galilean Relativity

How aboutif Bob is
running towards ?

In
, sShe see’s Bob
moving towards her at

As aresult, Bob
measures the velocity
of the ball to be 7
meters per second in
his reference frame.

Who is correct?

Alice’'s Reference fFrane

2M/S
<
Smis
"
Bob's Referct"cc framne
2M/s
=
M/
 ——>




Galilean Relativity

How aboutif Bob is

running towards ?

In
, sShe see’s Bob
moving towards her at

As aresult, Bob
measures the velocity
of the ball to be 7
meters per second in
his reference frame.

Who is correct?

Nobody is right or
wrong! It’s relative!

It depends who you
ask.

Alice’'s Reference fFrane

2M/S
<
Sm/s
"
Bob's Reference frame
- i =5+2 =Fm/s
2 M/s
/s J
M/
®




Galilean Relativity

Suppose rides a train
that passes , standing
on the station platform.

The train passes the station
at a constant speed of 20
meters per second.

Alice’s Rcfercmcc Srame

20M/
< )

Trai.n

AR




Galilean Relativity

Suppose rides a train
that passes , standing
on the station platform.

The train passes the station
at a constant speed of 20
meters per second.

throws a tennis ballup
in the air.

Let’s consider how this
appears to both observers.

Alice’s chercmce frame

20M/S

!
20M/5 €<— .

Tra.n

/1 \
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In , She sees
the tennis ball rise up in the air, and
move along in a curved path before
falling back into lap.

The tennis ball moves along with the
train, across the platform.

Alice’s chgrcnce frame

20M/s

.
ZoMm/s <— /ﬂ .

R /|

Tia.n
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Pla ﬁrm ‘
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Alice's Referevnce frane

20M/s

A

Plafﬁrm ‘




Galilean Relativity

Removing the train from the
figure, and looking at two
snapshots of the tennis balls
motion, we get a much
clearer picture of what Alice
sees.

Alice’'s Referevce frame

ZoM/S <— /EJ ﬁj
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Removing the train from the
figure, and looking at two
snapshots of the tennis balls
motion, we get a much
clearer picture of what Alice
sees.

What does see?

Alice’'s Referevce frame

A
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Now consider Bob’s point of
view, sat on the train.

Reb's Referevce frame

20M/
< )

2

& D

D




Reb's Referevce frane

Galilean Relativity < zoms

In , the ball 1;2‘

moves upwards in a straight line and
falls back into his lap.

& Q D

This is exactly what would
observe when the train is stationary at Bob's Reference frame
a station.

20M /-
< S

|.e. Newton’s Laws of Motion appear

Stationary train, as they do in a train

to work the same way inside of a ‘l;'i[
moving at constant speed.




Reb's Referevce frane

Galilean Relativity < zoms

In , the ball 1;2‘

moves upwards in a straight line and
falls back into his lap.

& Q D

This is exactly what would
observe when the train is stationary at Bob's Reference frame
a station.

20M /-
< S

|.e. Newton’s Laws of Motion appear

to work the same way inside of a !
Stationary train, as they do in a train ﬁj
moving at constant speed.

What about a train moving at a non-

constant speed?
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If the train accelerates
(speeds up), Bob will
observe something unusual.

Rob's Reference frame

Tra.n Accelerates

<<

s
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If the train accelerates ',5019'5 Raferc nce frame
(speeds up), Bob will
observe something unusual. Tfaiﬂ Accelerates

<<

He throws the ball upwards.

i

& D
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If the train accelerates
(speeds up), will

observe something unusual.

He throws the ball upwards.

But the ball does not end up
on his lap. It shoots over his

head, and lands behind him.

This is different to what he
would observer on a
stationary train.

Rob's Reference frame

Tra:n Accelevates

<

7

& @ S)

Rob's Referevce frame

Tra.n Accelevates

<<




Rob's Reference frame

Galillean Relativity < zoms

This leads us to make a distinction between ﬁf‘
reference frames that move at a constant

speed, and reference frames that are

accelerating. Q D D

We call reference frames moving at a constant Bob's Reference frame
speed an Inertial Reference Frame .

Tra.n Accelevates

<<
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The Laws

1. Newton’s Laws are
obeyed in Inertial Reference
Frames.

2. Velocity addition formula. VB = VA + u

3. Clocks tick at the same
rate.

Alice’'s Referevce frame

Va

o—>

Bob's Reference frame




Eguations of Electromotive Force.
/4 -

Equations of Magnetic Force.

] ~ -
di 4G P dy dz\ dF d¥
—_—~— ‘ 5 | I e dy dz Y " Tt e’ )_ dt ~ da
: : 1/1“) dG d\V

Ut dy

|
1
!
; 1 ’
py= ’/I al dy \ dH dV L
: w(Bu—e )= — &

For Electromagnetic Momentum
Magnetic Intensity

Electromotive Force . . . .
In 1 862’ James Clerk Maxwell‘ .. Current due to true conduction .
published the first form of his . Bleotrio Upeint oo o oo RER
. .. Total Current (including variation of displacement)
equat|ons of and ., Quantity of free Electricity .
. Electric Potential . . . .
. Between these twenty quantities we have found twenty equations, viz.
Three equations of Magnetic Force
Electric Currents .
Electromotive Force .
. . 5 Electric Elasticity
These equations describe the , Electric Resistance
Total Currents

WayS th at and One ("(lll:-l‘ti(-n of Free Electricity
fields are created, and how they TR i
interact.

Equation of /'uuf///u////.

:/,

+l/l)+lll/ __”

la dy r/“

They outline how a
can create a Some of Maxwell’s original 26 equations, James Clerk Maxwell, approx 1870
from his 1865 paper A Dynamical Theory of

, and vice the Electromagnetic Field.
versa.
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v E = =
Maxwell’s original 26 Equations — = _
proved extremely hard to deal v - B = > .
with. 5 > )
UxE = - 77
ot .
In 1884 these were condensed i — — QL
to just four, by using a new Ux E ’-'/”o( Q + ﬁf, D& )
mathematical language
developed by Oliver Heaviside. ko -~ 13
Heaviside’s simplified version of Maxwell’s Oliver Heaviside, 1900

equations, written using the language of
vector calculus.



~ T = £
c*Fs IJU v =
Equations =7=o0
- o
In 1865, Maxwell showed that ~ VX E = = 5
his equations predict the o
existence of an magnetic '{7”,< -_-/40( I+ £, 3¢ )
wave.
A self propagating, cycle of
alternating and
fields.

The equations even predicted I |

the speed this magnetic C. = , ==
wave should move with... Jfo \/8' gsx/ |
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In 1865, Maxwell showed that ~ VX E = = 5
his equations predict the o
existence of an magnetic '{7”,< -_-/40( I+ £, e )
wave.
A self propagating, cycle of
alternating and
fields.
I |
The equations even predicted C = Jf l J '
the speed this magnetic @ FEsxlo

wave should move with...

= 3 {oig M/S
—_——— —

The SpPeed a/ l:;]whz‘
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Equations

In 1865, Maxwell showed that
his equations predict the

existence of an magnetic | i |
wave. C. = . —
A self propagating, cycle of Jz" ‘/9‘ gsxIO
alternating and
fields. =
= 3% (O M/S
vv\_/

The equations even predicted The Speed a/* Lieht
the speed this magnetic \f

wave should move with...

LiIL.e S qn E lec ¢ro -

\N
wave .



































https://www.youtube.com/watch?v=4oJFCjDixrI&t=3s&ab_channel=CosmicConundra
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