HR/20260918T1207 Freely falling charge in grav. & electr. field p.1/3

Radiated power by relativistically accelerating charge (Liénard's formula, generalisation of
the Larmor formula):
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Special cases:

Linear acceleration (V || a):
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Circular (perpendicular) acceleration (U L a):
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Didn't Einstein say free fall is inert motion? If so, will a charge that's freely falling towards
another (one of opposite sign) then radiate? If not, we can ignore the above. However,
doesn't Einstein's Equivalence Principle say gravitation is fully equivalent to
acceleration? Then it should radiate and this should slow down the acceleration, right?
Shouldn't the latter then influence the free fall? It's called the Abraham-Lorentz-Dirac
force.

We'll restrict ourselves to a charged mass with: (m,q)

in radial free fall towards another one with: (M > m,Q)
ing the parallel-accelerated radiated poop = 2kedd 1 2keaia’ ¢
using the parallel-accelerated radiated power: 1= e Gy e
We've got: a= % = BC
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yielding: P.a(B.B) = 3 U~ 3¢ (1—132)3
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We also have: p° = R p== . B \/2_1 ﬁ VA2—1)
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hence: rad(y' Y) 3¢ Y= 3¢ y*(y%2-1) T 3¢ y2-1

We convert power to force by dividing it by the velocity v = fc:
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SO: |Frad(ﬂ;ﬂ)| - 3c2 3(1—32)3
if: B <0 (falling inwards)
then: F.,4>0 (braking force outwards)
hence: Fa(B.B) = _Zkea® B (pos. if B < 0, i.e. falling inwards)
: rad\ P’ 3c2 5(1—32)3 pos. , l.e. g
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Also: |Fraa (v, V)| = | 32 py2—1l — 32 [fyZ-1(y2-1)
. . N Zkeq2 y3}'/2
i.e.: Fa(y,v) = 32 i) (always pos.)
s -GMmc*
Gravitation™: F e (Newsteinian)

gr - (rc2 —GM) (rc2 —Gm)

'See: https://henk-reints.nl/astro/HR-Newstein-corrected.pdf eqn.39 @p.7 (as of 2026-09-03)
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—keQq _ —keQq _ _kquC4

(r-ro)(r-rq) (r @Q)(r @q) "~ (re2-Qy/Gke)(rc?-q./Gke)
yield a totalforce of:  Fyo = Fgr + Fep + Fraq

and electric force?: Fo =

so: Fop = -GMmc* —keQqct _ 2keq®  B?
(cm—GM)(rcz—Gm) (rc2—Q\/Gke)(rc?- q\/G—ke) 3¢2 3(1_32)3
or Fop = -GMmc* —keQqct n 2keq? y3y2
ot (cm—GM)(rcz—Gm) (re2- Q\/G—ke)(rc2 q\/G—ke) 3c2 m(yz—l)
as a function of: M,Q,m,q,1.B,B
or: M,Q,m,q,1,y,y

We'll further use the first of these equations for Fy; .
Targetistofind r as a function of t.

We assumed: M > m
) _ .. _ dlymv) _ d(ymBc) _ alyp) _ . 5
SO We can use: F=p= = =mc— == mc(y,B + y,B)
We have: y=0Q-p3)"V2 = w12

dy _ dy dwdp

Chainrule: At aw ap ac
renders: == - (=2B)B = st ﬁ) 3/2( 2B)B _W
& we obtain: F =mc ((1 32)3/23 +@1- ,3 )_1/2,3)
whichis: F=me ((1 i;22§3/2 + (1—;;)1/2) = mcp ((1—1[:22)3/2 * (1—[?12)1/2)

. _ . B2 1-p2 _ mcep .
hence: F =mcp ((1—[32)3/2 + (1_[32)3/2) T mey3p

The rightmost is Einstein's first eqn. @p.919 of Zur Elektrodynamik
bewegter Korper (he [rather confusingly to us] used symbol f instead of y).

. . _ mcep —GMmc?t —keQqct Zkeq p?
This means: Fioe = (1—[32)3/2 = (rc2—6M)(rc2— Gm) (r2—Q/Gke)(rc2—q /—er) 302 (1—[32)3
e mcp n 2keq? P2 n GMmc* keQqct
o (=277 " 32 pagey | er-am)(rei-om) | et oke) rP-aGRe)
With: B = Z ==
we geto mcﬁ Zkeq ﬁz GMmC4 kquc
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Shouldn't it be that: B =—(E) =221
dt \c cdt cdt c
as perceived by a distant stationary & inert observer?
. mi 2keq2 2 GMmc* kquc
Then: 27232 + 3c3  (c2-i2\} + (rcz—GM)(rcz—Gm) (re?2-Q./Gke)(rc?- q,/er)
(<) (=)
mc3i Zk,«.,.q2c3i'2 GMmc* kquc

(@22 i) T G-am)(r—am) | (re—0Gke)re—aake)

should be the equation of motion of a light charged mass
attracted by some heavy charged mass
under the conditionthan M > m & r < 0.

2See: https://henk-reints.nl/astro/HR-Graviticity.pdf

Created: 2026-09-06 Copyright © 2026, Henk Reints, MSc. https://henk-reints.nl/



https://henk-reints.nl/
https://henk-reints.nl/astro/HR-Graviticity.pdf

HR/20260918T1207 Freely falling charge in grav. & electr. field p.3/3

It describes a Newsteinian radial free fall ("bull's eye trajectory")
as perceived by a distanert (distant, stationary & inert) observer.
Since F, alreadyincorporates the correct sign for an attractive force,
Q & q mustbethe absolute values of the two opposite (i.e. attractive!) charges.
Finding a general analytical solution seems rather hard to me

(my mathematical skills have severly shrunk during the last few decades),
but it should not be too hard to numerically solve the thing.

2keq?c3i2 + mc3i + GMmc* + keQqc* -0
322 | (@—i2) 2 " (rd-GM)(re?—Gm) | (re?-0QGke)(r?—q/Gke)
Possible algorithm:

The D.E. is:

input: M, m, Q, q, rgy, Ty, At;

write all input values to output file (with full precision to enable exact reproduction!);

if (isNaN(M)): M = k.Q?%/G; //# usethe charge mass (see ref./footnote 2)
if (isNaN(m) ): m=k.q*/G; /1# sic

//# in Newtonian mechanics, total & reduced mass can be used;

//1# BV N.V. that's accurate enough here as well...

/1# if (M >> m) it'll certainly suffice, since the D.E. was built thereupon:
M=M+m; //# total mass
u=Mm/M; //# reduced mass

constants: K =c?, X =./Gk,;
U=2k.q*c3/3, V =puc3;
W, = GMuc*, W, = keQqc*;
Xy =GM, Xm =Gu;
Xo =X0Q, Xq =Xq;
R=Xy/K;
initialise: t=20, r=ry, ="y, = NaN ;
write initial values: {t,r, 1,V R}; //# including stop criterion for radius
while (r>R A 7 <0)
U
{ calculate: A= m <0;
and: B = m >0 5
. — Wm Wq .
as well as: = KX KXo + (rK=Xg) (FK—Xy) >0;
//# rendering: Ai? +Bir+C =0;
- vVB2—
//# hence: i = %;
//# must choose correct sign for inward acceleration, i.e. < 0;
- 2
since A< 0 & B,C > 0: i =
2"-order Taylor step: Ar = 7At + 7#(At)?/2 < 0;
quit with error status if: “(A<0 A B,C>0 A¥<0 A Ar<0);
current fluxion = velocity: = Ar/At;
increment radius: r +=Ar; //# this actually decrements
increment time: t +=At;

write output (at regular intervals):  {t,r,1,¥};
|3
write final {t,r,7,#} & ifit has hit the thing, came to a halt or started falling upwards...
The resulting list of {t,r, 7,7} renders r(t), [r = v](t), & [F¥ = a](t), v(r), etc.
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