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Peculiar Motions and the Local Standard of Rest  

The velocity components of stars in the solar neighborhood are traditionally labeled

Defining the dynamical local standard of rest (dynamical LSR) to be a point that is instantaneously centered 
on the Sun and moving in a perfectly circular orbit along the solar circle about the Galactic center.

An alternative definition for the LSR known as the kinematic local standard of rest (kinematic LSR) is based 
on the average motions of stars in the solar neighborhood.

The velocity of a star relative to the dynamical LSR is known as the star’s peculiar velocity and is given by

The average of u, v and w for all stars in the solar neighborhood, excluding the Sun, is

， ，

Why  ?

The stars inside the Sun's orbit are in the apogalacticon of their elliptical orbits when they pass through 
the Sun's neighborhood, so the tangential velocity Θ is smaller.
The stars outside the Sun's orbit are in the perigalacticon of their elliptical orbits when they pass 
through the Sun's neighborhood, so the tangential velocity Θ is larger.
There are more stars inside the Sun's orbit than beyond it.

Why should σu correlate with < v > ?

larger σu, wider range of elliptical orbits included, more negative < v >

smaller σu, fewer stars with orbits noncircular, < v > ~ 0

Differential Galactic Rotation and Oort’s Constants  

The relative radial and transverse velocities of a star (at point S) to the Sun (at point O) are, respectively,
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Equations (37) and (38) are valid as long as the assumption of circular motion is justified.

Oort derived a set of approximate equations for vr and vt that are valid only in the region near the Sun. 

Defining the Oort constants



Using the Taylor expansion of Ω(R), the difference between Ω and Ω0, and the approximate value of Ω is

Inserting equations above into Eqs. (37) and (38) results in

Nine Equations of Cosmology  
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Transition from the Radiation Era to the Matter Era to the  Era  

The behavior of the scale factor R(t) for a flat universe can be found by setting k = 0 in the Friedmann 
equation.

Radiation era when t << tr,m: 

The transition from the radiation era to the matter era occurred when 

Matter era when tr,m << t << tH: 

The acceleration of the universe changed sign (from negative to positive) when 

The transition from the matter era to the  era occurred when 

  era when t >> tH: 

Distances to the Most Remote Objects in the Universe  

The Robertson–Walker metric determines the spacetime interval between two events in an isotropic, 
homogeneous universes.

With ds = 0 for a light ray, and dθ = dφ = 0 for a radial path traveled from the point of the light’s emission at 
comoving coordinate  to its arrival at Earth at  = 0, taking the negative square root (so   decreases with 
increasing time) gives

Defining two dimensionless integrals
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Therefore the comoving coordinate as a function of the redshift is . Now we are ready for the 

concept of four distances at time t0.

Multiplying by the scale factor R(t) then converts these to the distances at some other time t.
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