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Introduction

Measurement is a foundation of special relativity and quantum theory. From a relational perspective the values of a system's physical quantities are realised only in relation to another system. While relational quantum mechanics complements the local structure of space-time in general relativity [START_REF] Rovelli | Space is blue and birds fly through it[END_REF], the ontological status of the latter is a subject of ongoing research [START_REF] Roberts | New perspectives on the hole argument[END_REF].

In the everyday practice of physics, the units of space and time refer to properties of matter, defined by standards of measurement. For example, the second is currently defined as multiple oscillations of the caesium atom. Thus, measurement as local interaction between a physical system and an observer's rod or clock relates properties of matter. From general relativity, the curvature of space-time can be measured as the local equivalent gravitational field.

Therefore, it is important to ask if the expansion of space can be measured in accordance with this relational aspect of space-time. In this Letter classical measurement and fundamental principles are assumed without review of observational evidence and possible cosmologies.

Local measurement of expanding space

By assuming a spatially homogenous and isotropic universe RW derived a metric

ds 2 = dt 2 -R 2 (t) dσ 2 , ( 1 
)
where t is the coordinate time, R(t) the scale factor and dσ 2 is a metric on a 3-space Σ of constant curvature k [START_REF] Robertson | Kinematics and world-structure[END_REF][START_REF] Walker | On Milne's theory of world-structure[END_REF]. The RW metric is independent of the Einstein equations. An observer at any event (t, x) can measure an element of distance by the reflection of a light signal by a neighbouring event. As the path of light is a null geodesic, from the metric (1) dt = R(t) dσ for an outward bound light signal and dt = -R(t) dσ for the returning light signal. If the light signal is sent at time t 1 and returns at t 2 , the element of distance is 1 2 c(t 2 -t 1 ) = cR(t) dσ [START_REF] Walker | On Milne's theory of world-structure[END_REF] on Σ. As units of space and time are defined by physical quantities, accordingly a relational observer is defined to measure distance with reference to a rod or ruler. Given an elemental length cR(t) dσ rod of a rod on Σ, relational measurement of a distance cR(t) dσ yields the scale-and time-invariant ratio dσ/dσ rod . Hence, for a relational observer space-time is static with metric of the form

ds 2 = dt 2 -dσ 2 .
(

) 2 
The metric for a relational and isotropic universe is static, with R(t) ≡ 1.

From a relational perspective, conceptual models of cosmological expansion are modified. A well-known heuristic is the surface of a sphere or toy balloon with points marked to identify galaxies. For a relational theory the measuring rod is represented as a line segment drawn on the spherical surface. Thus, as the radius increases a relational observer on the surface measures a static distance between galaxies. In contrast, an observer external to the surface with a static measuring rod measures increasing distance between galaxies. Accordingly, the RW metric can explain the increased wavelength of lines on the spectrum of a distant galaxy, as measured with the static ruler.

Conclusion

If the aim of physics is to investigate relations between measured quantities by experiment, then a point on a spatial axis in physics defines a relation between two systems, classically a 'measuring rod' and 'object'. From this perspective, the physical relation is invariant as the scale of an abstract space varies.

For classical-relational measurement an object and measuring rod are contiguous in space. From the special theory of relativity, a light signal reflected from a distant event is sufficient to measure distance, as the scale is fixed. More generally for a time dependent scale R(t), an additional reflected light signal is required to measure the rod and complete the relational measurement.

Local causation as an elementary principle of physics excludes action at a distance. From general relativity the curvature of space-time can be measured locally as the corresponding gravitational field. This prompts the question: can the scale R(t) of space be measured locally by a resident observer? The answer here is affirmative, however the RW metric assumed on space with classical-relational measurement presupposes a static and thus absolute reference length-that the space is substantive. Alternatively, relational cosmological models derived from a space with RW metric are in principle scale invariant and static. With one less assumption the latter approach tends to unify space-time and matter.
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