
Historical

background





The new

status of

axioms

Geometrical

truth



Mathematical

geometry and

physical

geometry

This section

can be

consulted to

clarify the

technical ideas

of the Einstein

selection

Physical

geometry is

an empirical

discipline





How to

determine

geometrical

truth?

We can find

out the

geometry of

physical

space by

measurement

Compare

Poincare's

heated sphere

The setup

of the

thought-

experiment

The behaviour

of measuring

rods on E



Measurement

is crucial in

the adoption

of geometry

Could

deformation be

discovered?

Differential

and universal

forces

What is

the "real"

geometry?



Two kinds of

definitions

Compare

Einstein on

practical

geometry

Coordination

is not

arbitrary

Definition

of length

Compare

Bridgman

The meaning

of "relativity"

To define

length we

require a

measuring

rod



Universal

deformation

of rods is

undetectable

Rods have the

same length at

different places

by definition

Having rods

at different

place still

requires

definitions

Factual

conditions in

our world

allow for a

single rod



Reformulation

of the surfaces

example

The case

of three

dimensions

What is

the true

physical

geometry?

Solid bodies

do not change

state, hence

useful for

defining

congruence

Definitions

are judged

by their

simplicity

and

conservatism



How to define

rigidity?

Not by

ostension

No rigids

in nature

Can we salvage

coordinative

definitions?

Practical

constraints on

coordinative

definitions

No

definition

is better on

logical

grounds

Better

definitions

deliver

simpler

physics



Solidity and

rigidity

distinguished

Possibility of

universal

forces

All physical

forces are

differential

Rephrasing

the definition

Rigidity

defined by lack

of differential

effects

In nature, there

are only

approximately

solid bodies

Rigid body

represents a

closed system

Closed system

contains

interior forces

The existence

of closed

systems is

postulated

Physics

depends on

the notion of

rigid body



Various

concrete objects

can be used as

measuring rods,

some will be

more

convenient than

other

Heat will be

used as an

example for the

distinction

between U- and

D-forces

Device for

observing the

effects of D-

forces

Copper wire

as a

thermometer

A more

sophisticated

device

Source of

heat

Direction of

expansion

Heated

rod

Direction of

expansion



Meauring

curvature

of surface

Geometrical

change

indicates a

heat field if

materials

have

different

expansion

coefficients

If coefficients

are the same,

then the same

change is

evidence of

space

curvature

Universal

forces might

not preserve

coincidences

Forces cause

geometrical

change

Space

geometry is

fixed by setting

forces to 0



How to

distinguish D-

and U-forces

The problem:

technical

limitations

and objective

indeterminacy

Example of

technical

limitation

The logical

impossibility of

measuring the

measuring rod

"The Paris rod

is one meter

long", "The rod

here has the

same length as

the rod there"

are meaningless

"This surface

has a shape S"

is meaningless

if universal

forces are

admitted

All these

statements are

meaningful

upon fixing a

coordinative

definition

Logical

impossibility is

not due to

approximations



Physical

geometry is

empirical,

depends on

coordinative

definitions

Objection:

measurement

assumes E-

geometry

Reply: we

have a choice,

either to have

E and U-

forces, or to

have non-E

and no U-

forces

We can adjust

measuring tools

after

measurement...

...but in

practice this

is not

required



Is the visual

space

Euclidean?

Euclidean

axioms are

visually self-

evident

What are the

implications

for physical

geometry?

Physical

geometry is

indeterminate

in the presence

of unspecified

U-forces

The question

of true

geometry is

meaningless

Only a

combination of

geometry with

coordinative

definitions is

testable

(compare

Einstein)



Visual

geometry has

no relevance

for physical

geometry

Objection: E

is the simplest

geometry

(compare

Poincare)

Reply: in

physics we

choose the

simplest

coordinative

definition, not

the simplest

geometry

Paraphrase

of the G+F

formula

Early

conventionalism



Physical

geometry is not

arbitrary,

though based on

coordinative

definitions

The error of

early

conventionalism


