
10 Acceleration 

The Reissner-Nordström metric may be simply obtained from ratios of “acceleration forms”. 

Forms of Representation; 

Acceleration may be represented in different forms; 

as a scalar; g 

as vectors; u , v     

as a tensor; G  

The vectors are four dimensional. The tensor is rank two. 

Vectors;  

The 4D vectors of acceleration are; 

u = Σj(ujeuj) (j = 1,2,3,4) 

v = Σn(vnevn) (n = 1,2,3,4) 

Where;  uj , vn are vector components  

euj , evn are unit vectors (direction vectors) 

Each vector has a unique basis (eu , ev) 

Acceleration Ratios; 

The different forms of acceleration may be related ratios;  

The “Primary Ratio Equation” is;  u/v = G/g    Giving products; gu = Gv   

The “Secondary Ratio Equation” is; wn/evn = G/e0     Giving products; e0wn = Gevn    

Basis Ratios; 

The “Basis Ratio Equation” is;  e0/e0nj = euj/ewnj   Giving; e0ewnj = e0njeuj   

Where; e0nj is a “Kronecker scalar”; 

If; n = J Then; e0nj  = 1  

If; n ≠ J Then; e0nj = 0  
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The Acceleration Equation;  

The “Primary Ratio Equation” is;  u/v = G/g   

Rearranging gives products;  gu = Gv   

Expanding v;    gu = G(v1ev1 + v2ev2 + v3ev3 + v4ev4) 

Primary acceleration equation;  gu = v1Gev1 + v2Gev2 + v3Gev3 + v4Gev4   

The “Secondary Ratio Equation” is; wn/evn = G/e0   

Rearranging gives;   e0wn = Gevn   

Acceleration products become;  gu = v1e0w1 + v2e0w2 + v3e0w3 + v4e0w4    

Expanding wn;    gu =  v1e0(w11ew11 + w12ew12 + w13ew13 + w14ew14) +  

v2e0(w21ew21 + w22ew22 + w23ew23 + w24ew24) +  

v3e0(w31ew31 + w32ew32 + w33ew33 + w34ew34) +  

v4e0(w41ew41 + w42ew42 + w43ew43 + w44ew44) 

Change of Basis;  

A change of basis is required.  

The “Basis Ratio Equation” is;  e0/e0nj = euj/ewnj   

Rearranging gives;   e0ewnj = e0njeuj   

Acceleration products may be written as;  

     gu =  v1(w11e011eu1 + w12e012eu2 + w13e013eu3 + w14e014eu4) +  

v2(w21e021eu1 + w22e022eu2 + w23e023eu3 + w24e024eu4) + 

v3(w31e031eu1 + w32e032eu2 + w33e033eu3 + w34e034eu4) + 

v4(w41e041eu1 + w42e042eu2 + w43e043eu3 + w44e044eu4) 

Applying Kronecker values;   gu =  v1(w11eu1 + 0 + 0 + 0) +  

v2(0 + w22eu2 + 0 + 0) + 

v3(0 + 0 + w33eu3 + 0) + 

v4(0 + 0 + 0 + w44eu4) 

giving acceleration products in eu; gu = v1w11eu1 + v2w22eu2 + v3w33eu3 + v4w44eu4    

Scalar Acceleration;  

Expanding u; g(u1eu1 + u2eu2 + u3eu3 + u4eu4) = v1w11eu1 + v2w22eu2 + v3w33eu3 + v4w44eu4   

Relating components;   guj = vjwjj  
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The combined scalar product is the sum of all acceleration product terms; 

     g(u1 + u2 + u3 + u4) = v1w11 + v2w22 + v3w33 + v4w44    

Assume;    u1 + u2 + u3 + u4 = u5  

The scalar acceleration product is; gu5 = v1w11 + v2w22 + v3w33 + v4w44   

Definition of Scalar Acceleration;  

Each scalar of acceleration (gN) is; gN = vN
2/rN   

Where; vN is velocity 

rN is displacement 

The scalar acceleration product is;  gu5 = v1w11 + v2w22 + v3w33 + v4w44   

Substituting definitions of acceleration; 

(v0
2/r0)(vu5

2/ru5) = (vv1
2/rv1)(vw11

2/rw11) + (vv2
2/rv2)(vw22

2/rw22) + (vv3
2/rv3)(vw33

2/rw33) + (vv4
2/rv4)(vw44

2/rw44) 

Special Conditions; 

Special conditions may apply to displacement; r0 = ru5 = rw11 = rv3 = rv4 = r  

      rv1 = rv2 = rw22 = rw33 = rw44 = R 

Where;   r2 = x2 + y2 + z2   

  R = r - rS - rQ
2/r  

rS is the Schwarzschild radius  

rQ is the electric length-scale 

Special conditions may also apply to velocity; vu5 = vw22 = vw33 = vw44 = vλ   

Giving the special acceleration product; 

(v0
2/r)(vλ

2/r) = (vv1
2/R)(vw11

2/r) + (vv2
2/R)(vλ

2/R) + (vv3
2/r)(vλ

2/R) + (vv4
2/r)(vλ

2/R)  

Re-arranging; (R/r)v0
2vλ

2 = vv1
2vw11

2 + (r/R)vv2
2vλ

2 + vv3
2vλ

2 + vv4
2vλ

2    

Velocity Definitions;  

Velocities may be defined as; 

 v0 = vv1 = c  vλ = ꝺλꝺf = ꝺλ/ꝺT  vw11 = ꝺλ/ꝺt    

vv2 = ꝺr/ꝺt  vv3 = ꝺUθ/ꝺt    vv4 = ꝺUφ/ꝺt 

Substituting for velocities gives; 

(R/r)c2(ꝺλ2/ꝺT2) = c2(ꝺλ2/ꝺt2) + (r/R)(ꝺr2/ꝺt2)(ꝺλ2/ꝺT2) + (ꝺUθ
2/ꝺt2)(ꝺλ2/ꝺT2) + (ꝺUφ

2/ꝺt2)(ꝺλ2/ꝺT2)    

(R/r)c2(1/ꝺT2) = c2(1/ꝺt2) + (r/R)(ꝺr2/ꝺt2)(1/ꝺT2) + (ꝺUθ
2/ꝺt2)(1/ꝺT2) + (ꝺUφ

2/ꝺt2)(1/ꝺT2)   
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Giving the special metric;  

(R/r)c2ꝺt2 = c2ꝺT2 + (r/R)ꝺr2 + ꝺUθ
2 + ꝺUφ

2   

Angular Geometry;  

Dimensional components are; w2 = r2 - z2 = x2 + y2  

    x = wCos(φ) and;  y = wSin(φ) 

z = rCos(θ) and;  w = rSin(θ) 

Angles (θ , φ) are defined as; θ = Uθ/r  and;  φ = Uφ/w  

rꝺθ = ꝺUθ   and;  wꝺφ = ꝺUφ   

Substituting for angular geometry gives the angular metric; 

(R/r)c2ꝺt2 = c2ꝺT2 + (r/R)ꝺr2 + r2ꝺθ2 + w2ꝺφ2    

The Reissner-Nordström Metric;  

Substituting for ‘w’ gives the Reissner-Nordström metric; 

(R/r)c2ꝺt2 = c2ꝺT2 + (r/R)ꝺr2 + r2ꝺθ2 + r2Sin2(θ)ꝺφ2   

Where; R = r - rS - rQ
2/r  

Conclusion;  

The Reissner-Nordström metric may be simply obtained from ratios of forms of acceleration. 

 


