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In[1]:=
Clear[GM &, r, t, m v, A]

The NewtonianAccelerationof a particlein freefall is the derivativeof the potential
In[2]:= &[r_] := GM/r
During FreeFall, energyis conservedsofalling atrestfrom A tor yields

In[3]:= SetAttributes[A, Constant]

Inf[4]:= Energy = mv"2/2 - m&[r] = - m&[A]
GVMm  mv?2 GMm
Qut[4]= - ot Ty T A

In[5]:= V =Sol ve[ Energy, V]
Qut[5] = {{Va— 2 ——+—}, {V—>\/7 _%4_%}}

Inf6]:= f =1/ (/. V[[1]])

1

Qut[6]= - T
NN AT

Now work with the specialcaseof falling from restat1 AU towardsthe Sun
In[7]:= A =1

aut[7]= 1

Calculatethe function, T[r], thetime it takesa particleto fall from restat 1 AU, to aratiusr. The Integralfunction of a
freely falling particleis surprisinglycomplicated:
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In[8]:= T =lIntegrate[f, r]

(=1 +r)~r +/-1+r Log[\/—1+r +\/T]

VZ @M -1+ ) VT

Now calculatethe durationof thefall from thelimits atoneAU andzeroAU.

t[8]= -

Inf9]:= AB =Sinplify[Limt[T, r->1]]

it[9]= 0

In[10]:= AA = Sinplify[Limt[T, r -0]]

JT
at[10]= — "
to= S e
In[11] : = N[AA]
1.11072
Qt[l1ll]= ———e—e—
L= =&

The DistanceUnits for this calculationare AU. Thetime unitsfor this calculationaredays. In theseunits,GM is a small
number,indicatingthatthe systemis not relativistic. GC = gravitationalconstant= 6.67300x 10°-11m3 kg"-1s"-1;
AstronomicalUnit = 149598 000000; OneDay = 86400s

In[12]:= GC = 6.67310"-11m3/kg/s"2

6.673x107 1 n?

Qut[12] = kgs?

In[13]:= MS = 1.9891 10”30 kg

Qut[13]= 1.9891x10% kg

In[14]:= AU = 1.4959810711m

Qut[14]= 1.49598 %10 m

In[15]:= day = 360024s

Qut[15] = 86400 s

Calculatethe Speedof Light in AU perday(lts afairly smallnumber)
In[40]:= clight = (299782458 m/s ) (day / AU)

Qut[40]= 173.139

The DistanceUnits for this calculationare AU. Thetime unitsfor this calculationaredays. In theseunits,GM (gm)is a
smallnumber jindicatingthatour solarsystemis notgeneral-relativistic.
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In[17]:= gm = GCMSday”~2/ AUM3

Qut[17]= 0.000295956

Formally, the velocity of the particlegoesto infinity asr goesto zero. To avoid this, the calculationwill stopatthe Solar
Radius(RS). TheSuncannotbetreatedasa pointsourceinsidea SolarRadiusanyway.

In[18]:= RS = 6.95987 1078 m
Qut[18] = 6.95987 x10% m

In AstronomicalUnits (AU) the SolarRadiusis 0.47% of anAU.
In[19]:= rs = RS/ AU

0. 00465238

Qut[19]

I n[20] : MaxT =Limt [ AA, GM -> gm]

General ::spelll:
Possi bl e spelling error: new synbol name "MaxT" is similar to existing symbol "Max". More...

Qut[20]= 64.5641

Nownunerical lyevaluatethetine, Tindays,
it takesanobject tofall fromrest fromlAUtothe surface of the Sun.

In[21]:= MaxT = Abs[Limt[Limt [T, r -rs], GM -> gm]]
Qut[21] = 64.5554

In[22]:= T

Qut[22] = (=L+r)~r +~/-1+r Log[\/—1+r +\/T]

VZAJaM -1+ L) T

t[r] is thetimeto fall adistancea(AU) in unitsof days
Inf23]:= t = Limt[T, GM-> gm]

C(Ler) T ATET Log[VTAT + 4T |

Qut[23] =
\/-0. 000591913 + 0000501913 ./~




dopplerClassic.nb

In[26]:= Plot[t, {r, rs, 1}, AxesLabel -» {"Di stance/AU', "T/days"}]
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Qut[26]= = Graphics -

Calculatethe speedof thefalling objectin unitsof the speedof light.

In[28]:= OneCQverV = D[t, r]

N <zv11 i *zjr> V-1t —1+r _r - Log [/=1+r ++/r
Qut[28] = Lot T 2T

\/-0. 000591913 + w&;gggzi N

0.000295956 (- (-1 +r)~r -+/-1+1 Log[+/-1+1 +~/r |)]

(~0. 000591913 + 0:000591013 \ ¥/ 15/

~1+r)r /=141 Log[/-1+1 ++/r]
2J-o.000591913+°-°°°fﬂ 132

In[29]:= v = 1/OneOverV

~ (2\/% +2Vlrr.)\/71+r _lar 7\/"—7 Log[xl—l” +\/r—]
Qut [ 29] = 1/ e 2T 21

\/-0. 000591913 + 0000801913 ./~

0.000295956 (- (-1 +r) /1 —+/-1+1 Log[/-1+r1 ++/r |)

(-0. 000591913 + 0:000591013 \ ¥/ 5

1) At /21 e Log[\/ 1+r +\/I‘—]
2 ,/-0.000591913 + 0000591913 1 3/2
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In[35]:= Plot[v, {r, rs, 1}, AxesLabel » {"Distance/AU', "Velocity (AU/day)"}]

Vel ocity (AU/day)

Di st ance/AU

Qut[35]= = Graphics -

The vel ocityi s negativebecauseitistheinfall velocity. The magni tudeof thevelocityis:

In[41]:= mag : = Abs[v] /clight

In[42]:= Plot[mag, {r, rs, 1}, AxeslLabel -» {"Distance/AU', "B / c"}]

B/ C
0. 002

0. 0015
0. 001
0. 0005

Di st ance/AU

0.20.40.60.8 1

Qut[42]= =G aphics -

The maximumvelocity is the velocity whenreachingthe surfaceof the Sun(in unitsof c).
In[46]:= MaxMag = Abs[Limt[mag, r »rs]]

out[46]= 0.00205534

Converting backto km/s

In[48]:= MaxMag 299782. 458 km/s

616. 156 km

Qut [ 48] = S



