




On	the	Origin	of	Geometry	in	Physics
In	one	word,	the	origin	of	geometry	in	physics	is	observer-independence.
Physics	is	the	ongoing	attempt	to	describe	"nature",	which	is	to	say,	the
collection	of	phenomena	that	seem	"external"	to	us;	phenomena	which	we	feel
would	take	place	even	without	the	presence	of	humans.	It	is	therefore	clear
that	physical	laws,	to	the	extent	possible,	should	be	formulated	in	a	way	that	is
independent	of	any	one	person.	This	includes	past,	current,	and	future	people,
all	over	the	world.	More	generally,	due	to	the	feeling	that	we	have	a	choice
about	our	future,	we	include	hypothetical	people.	The	umbrella	term	for	these
different	perspectives	is	that	of	an	observer.	Since	we	are	not	really	concerned
with	individual	details	related	only	to	the	observer	itself,	what	matters	is	how
the	observer	interacts	with	the	"external"	environment.	This	is	sometimes
described	as	an	observer	carrying	a	clock	and	a	marked	rod.	This	is	referring	to
the	observer's	notion	of	the	passage	of	time	and	extension	through	space.
More	generally,	we	can	imagine	an	observer	carrying	other	collections	of
measuring	apparatuses,	or	gauges,	through	which	they	can	probe	the	world.	In
fact,	it's	the	only	thing	we	care	about	when	it	comes	to	an	observer.	Thus,	an
observer	can	be	abstracted	to	a	choice	of	coordinate	system	for	spacetime,
along	with	a	choice	of	gauges.	Collectively,	we	refer	to	coordinate	systems	and
choice	of	gauge	as	a	reference	frame.	These	choices	extend	only	locally,	as	the
observer	cannot	perform	measurements	far	away.

Now	we	encounter	the	strange	dilemma	of	how	an	observer	would	actually
make	such	a	"choice".	Consider	the	situation	of	a	lone	observer	floating	in
empty	space,	carrying	a	clock	and	nothing	else.	Suppose	the	clock	is	equipped
with	a	dial,	enabling	the	clock	hands	to	speed	up	or	slow	down.	Consider	two
different	settings,	a	slow	and	a	fast	mode.	What	is	the	difference?	You	might
say	that	the	observer	knows	roughly	how	long	a	second	is,	and	could	therefore
tell	the	two	settings	apart.	But	this	requires	internal	details	about	the	observer.
You	could	say,	surely	their	heartbeat	can	be	used	to	compare	the	two	settings,
but	again,	this	requires	internal	details	which	we	are	not	allowed	to	refer	to.
There	is	no	heartbeat,	no	person,	only	a	clock.	You	might	say,	the	faster	setting
would	wear	out	the	gears	of	the	clock	faster	and	would	allow	us	to	distinguish
between	the	settings.	But	that	again	refers	to	internal	structure	of	the	observer
(now	just	a	clock).	Therefore	the	observer	must	be	regarded	as	a	disembodied
clock	without	internal	structure.	There	is	therefore	no	physical	difference
between	the	settings	of	the	clock.	The	same	reasoning	applies	to	choosing
measuring	rods,	or	calibrating	various	gauges.	The	inescapable	conclusion	is
that	there	is	actually	no	content	to	a	particular	observer	itself,	only	the
relative	comparison	between	two	reference	frames	has	physical	meaning.
The	allowed	transformations	between	reference	frames	form	the	notion	of
geometry	we	introduce	in	this	lecture.
















































































































