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ABSTRACT

The most obvious structural feature of planetargié® is their roundness. This arises
because of the dominate roles of the two effectga¥ity and case of the deformation of
matter, whether gas, liquid or solid. This projecabout proving and solving out the time
scale(r) of flow restoring the body to spherical shape wiwem consider a slightly
deformed self-gravitating sphere and also checkimgspherical of different planetary

objects.
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CHAPTER ONE

1. Proving the Time Scale Equation

The theory of the gravitational oscillation of agsaf liquid about the spherical form is
due to Kelvin. If we take the origin at the cenémed denoting the radius vector at any

point of the surface by &+.e. where a is the radius in the undisturbedestat

We assume { = ch ......... (|)

Where(, is a surface-harmonic of integral order n.

The ideal fluid continuity equation iS°g= iCe.

6=0qg9=0
op= a—¢6x+a—¢6y+a—¢az
0x ay 0z
where u:a—¢ vz% W:a—¢
0x oy 0z

the velocity leads to the Laplace equation in thleeity potential

O0p=0%= 0



The potential for all possible irrotational motioolsan incompressible fluid must satisfy
the Laplace equation, most ideal fluid motions aretational, since rotation must

commonly arises through the action of viscositiction).

a a e
a_f:_a_f ......... (|||)
g & nrt

e S

or 21: a, ’

dp _&nr"t
_r = S
ar le a,

Therefore to be satisfied when r = a gives

The gravitational potential at the free surface is



4 R |
O=- Tyoa 'Z ﬂypazn
3r T 2n+1

constant.

Putting g =grz;a r=a+2¢,

Resolving the gravitational potential

= 2(n-1) .
Q= tant+g) ———2C ceeeeennn
constan +921: o1 O (Vi)

substituting from (ii) and (v) in the pressure dua

P
P

since P must be constant over the surface

= % -Q+constant--------- (vi i)

06, _ 2n-Y) (viii)
ot 2n+1

Eliminating S, between (vii) and (viii) we have

__a0%,

b n ot

0°¢, __n2(n-1) :
ot a2n+l O ()

therefore this shows that, 0 codo,t +£) ,where we have

--------- (v) Where y is the gravitational



for the same density of liquiga a and the frequency is therefore independent of the
dimensions of the globe.

If n =1, i.,e.o =0since in a small deformation expressed by a suifi@cemonic of the
first order the surface remains spherical and #reod is therefore infinitely long.

In case of a highly viscous globe returning asyriadly to the spherical form under the
influence of gravitation, the velocity potentialimsthe form

n+l

r :
@=A——s,.co{ot +&)-neeee (xi)
a
i.e. s,is a the surface harmonic.

Therefore the kinetic energy included within a sphaf radius r, we have the expression

in the form

r2
a2

0 m2 .
pIIwa—?r 20w = p(n+1)— ” s,’00.A% coS (ot + &)+ (xii)

since we are dealing with the spherical form urtderinfluence of gravitation the total

kinetic energy

1 , ,
T =§,ogna”sn 0. A% cos (ot +&)---nen - (xiii)

and potential energy is

_1 2 : :
= E,ogna”sn 0. A sin? (ot + &) (xiv)



Total Energy =T +V

— 1 2 1 2 .
= E,ogna”sn 0@.A? cos (ot + )+ E,ogna”sn 0@.A? sin?(ot + £)

again, the dissipation in a sphere of radius gutated on the assumption that the motion

is irrotational under the gravitational influence,
00° 4 _ 50 2
,u” o row= L ar”q ow
2([ 23, _ O ¢
r Hq aw—E“@a—rr ow

0 r2n+2
and Ij(ﬂa—?r 0w = p(n +1)W”snzaw.A2 cos’ (ot + &)

2n+l

_ r 2
= pln+ o +1) o [fs 0w
putting r = a, we have for the total dissipation
2F = (p2(n+1) + 1)-#” s,200.A? coS (Ot + £)-+--v--- (xvi)

therefore, if the effects of inertia being disretgat and also if the effect of viscosity be

represented by a gradual variation of the coefficliewe have



a(T +V)=2F ......... (xvii)

The mean value of which, per unit time is
2F = p(n+1)? +1.,u”snzaw.A2

%[%mna'”.snzaw_p\zj = p(n +1) +1.,11”sn26w.A2

2
6_A=2(n+—1)+1LA ......... (xviii)
ot n ga

0A

and E =7 - time scale or time

N

from equation(xviii) ,we can shew Aa’

interval;

M‘ Yo, (xi X)
n ga

where n is the order of deformatianis the kinematic viscosity is the acceleration tlue
gravity

From the time scale or time interval, checking ddferent values of n, where n is the

order of the deformation (of surface Wavelen%?la)
n



We can check different values of n and plot theetistaler against the order of

deformation and vice versa.

: v

Order of Deformation(n) Time Scale a
0 v

ga

1 v

ga

2 N y

ga

w
e
< %|<

=
n
\l

H
N

\l
H
oo
(@] (@] «Q (@] (@) (@) (@)
o S|olS oS |olS (oS |oS |

=
o
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Order Of Deformation

Time Scale Factor

o Seriesl

) 10 15

Time Scale(v/ga)




We can calculate the time scalefor different values of (a) using the differeniues of

(n).For a typical material of density 30k§)/ m*

and kinematic viscosity =10""m? /s and for values of a = 1,100,,200,300,400,500 and

1000km.

Kinematic viscosity is defined as the dynamic vistodivided by density,

v=-_L=10"m?/s

RS

And the acceleration due to gravity = 9.8m/s®



CASE 1

For a=1km,v =10"m?/s,g = 98m/s®

Order of| _ v
Deformation(n) Time Scale 7 g Time Scaler(years)
0 vV
ga 0 years

1 v
ga 29x%10° years

2 9 v
Tga) | 31x10°years

3 v

al | 36x10°

ga : years

: 12,75~
"Tga 4.1x10° years

> 146
Tga) | 47x10°years

6 165"
Toa 53x10° years

! 18.43~
“Cga) | 60x10°years

° 20.375~
“Tga) | 66x10° years

° 22,33~
“Tga) | 72x10°years

10 243"
Tga) | 79x10°years

10



Graph showing the plot of Time Scale against thee®of Deformation
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CASE 2.

For a=10km,v =10""m?/s,g = 9.8m/s?

Order of| Vv
Deformation(n) Time Scale 7 g Time Scaler(years)
0 %
ga 0 years

1 Vv
ga 29x10° years

2 9 v
Tga) | 31x10°years

3 n v
ga 3.6x10° years

4 12.76~
"Tga 41x10° years

> 1462
Tga 47x10° years

6 16 vV
Tga 53x10° years

! 18.48~
“Cga) | 60%10°years

8 20.3757
“Uga) | 66x10°years

? 22.33"
“Tga) | 72x10°years

10 248"
Tga 7.9%10° years

12



Graph showing the plot of Time Scale against thee®of Deformation

Time Factor Scale
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CASE 3.

For a=100km,v =10""'m?/s,g = 9.8m/s*

Order of| _ v
Deformation(n) Time Scale 7 g Time Scaler(years)
0 v
ga 0 years

1 Vv
ga 29x10" years

2 9 v
Tga) | 31x10%years

3 1hY
0 3.6x10" years

: 12,76~
"Cga) | 41x10"years

> 14~
Tga 4.7x10* years

6 16 Vv
Tga 53x10" years

! 18.43~
“Cga) | 60%10"years

° 20.376~
“Tga) | 66x10"years

° 22.33"
“Tga) | 72x10"years

10 2437
Tga) | 79x10'years

14




Graph showing the plot of Time Scale against thee®of Deformation
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CASE 4.

For a=200kmyv =10"m?/s,g = 9.8m/s®

Order of| _ v
Deformation(n) Time Scale 7 g Time Scaler(years)
0 %
ga 0 years

1 Vv
ga 15x10* years

2 9 v
Tga 154x10* years

3 n v
ga 1.8x10* years

4 12.76~
"Cga) | 21x10%years

> 1462
Tga 24x10" years

6 16 vV
Tga 2.7x10" years

! 18.48~
“Cga) | 30x10'years

8 20.3757
“Uga) | 33x10%years

? 22.33"
“Tga) | 36x10"years

10 248"
Tga 39x10* years
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Graph showing the plot of Time Scale against thee®of Deformation
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CASE 5.

For a=300km,v =10""'m?/s,g = 9.8m/s?

Order of| _ v
Deformation(n) Time Scale 7 g Time Scaler(years)
0 %
ga 0 years

1 Vv
ga 9.7x10°% years

2 9 v
Tga 1.0x10* years

3 n v
ga 1.2x10"* years

4 12.76~
"Tga 41x10* years

> 1462
Tga 16x10* years

6 16 vV
Tga 1.8x10* years

! 18.48~
“Tga 2.0x10" years

8 20.3757
“Tga) | 22x10"years

? 22.33"
“Tga) | 24x10"years

10 248"
Tga 2.6x10" years

18




Graph showing the plot of Time Scale against thee®of Deformation
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CASE 6.

For a=400kmyv =10"m?/s,g = 9.8m/s”

Order of| v
Deformation(n) Time Scale 7 g Time Scaler(years)
0 vV
ga 0 years

1 v
ga 7.3x10° years

2 9EY
Tga) | 7.7x10°years

3 bV
0 89x10° years

‘ 12,75~
"Tga 1.0x10"* years

> 146~
Tga 1.2x10" years

6 165"
Tga 1.3x10* years

! 18.43~
“Cga) | 15%10"years

° 20.375~
“Uga) | 17x10%years

° 22,33~
“Tga) | 18x10"years

10 243"
Tga) | 20x10%years

20




Graph showing the plot of Time Scale against thde©of Deformation

Time Scale Factor
25000
— 20000 \ ¢ *
< 15000 - . .
< o* o Series1
o 10000 Vet .
E 5000 |
T ‘ ‘
0 5 10 15
Order of Deformation(n)

21



CASE 7.

For a=500km,v =10""'m?/s,g = 9.8m/s?

Order of| v
Deformation(n) Time Scale 7 g Time Scaler(years)
0 vV
ga 0 years

1 v
ga 58x10° years

2 9 v
Tga) | 62x10°years

3 v

Tl | 7ax10°

ga : years

‘ 12,75~
"Cga 83x10%years

> 146~
Tga 95x10%years

6 165"
Tga 1.1x10* years

! 18.43~
“Cga) | 12x10"years

° 20.375~
“Tga) |13x10"years

° 22,33~
“Tga) | 15%10"years

10 243"
Tga) | 16x10°years

22




Graph showing the plot of Time Scale against thee®of Deformation

Time Factor Scale
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CASE 8.

For a=100km,v =10"'m?/s,g = 9.8m/s?

Order of| _ v
Deformation(n) Time Scale 7 g Time Scaler(years)
0 %
ga 0 years

1 Vv
ga 29x10° years

2 9 v
Tga 3.1x10%years

3 v

1El_ 36x10°

ga : years

4 12.76~
"Tga 41x10° years

> 1462
Tga 4.7x10° years

6 16 Vv
Tga 53x10° years

! 18.48~
“Cga) | 60%10°years

8 20.3757
~“Uga) | 66x10°years

? 22.33"
“Tga) | 72x10°years

10 248"
Toa 7.9%10° years

24




Graph showing the plot of Time Scale against thee®of Deformation

Time Factor Scale
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1.1 Checking for Spherical of different planets

We know clearly that objects of radius of ord€f km or less will not necessarily be at

all spherical

Period: 0.00days Rotation: 30days
Distance: 1.015au Diameter: 1392000km

diameter _ 139200(m

TheRadius = =68600(km

MERCURY

Period: 87.97days Rotation: 58.65days
Distance: 0.642au Diameter: 4878km

diameter _ 487&m

TheRadius = =243%m

Period: 224.70days Rotation: 243.01days
Distance: 1.252au Diameter: 12104km

26



diameter _ 12104m

TheRadius = =605Z&m

MARS

Period: 1.88yrs Rotation: 24.62hrs
Distance: 2.095au Diameter: 6787km
diameter _ 6787&m

TheRadius = =33935km

JUPITER

Period: 11.86YRS Rotation: 9.84hrs
Distance: 4.68au Diameter: 142980km

diameter _ 14298G&m

TheRadius= =7149km

SATURN

-

Period: 29.46yrs Rotation: 10.66hrs
Distance: 9.55au Diameter: 120540km

diameter _ 12054(m

TheRadius = =6027Km

27



URANUS

Period: 84.01yrs Rotation: 17.23hrs
Distance: 18.829au Diameter: 51200km
diameter _ 5120km

TheRadius = =2560km

NEPTUNE

Period: 164.79yrs Rotation: 16.10hrs
Distance: 29.321au Diameter: 49530km

diameter _ 4953km
2

TheRadius = =2476%m

PLUTO

Period: 247.69yrs Rotation: 153.28hrs
Distance: 28.932au Diameter: 2300km
diameter _ 230m

TheRadius = =115%Km

28



1.2 Calculating different time scale r for the planetary objects,

2n+1*+1 v
n ga

When the kinematic viscosityli§°m?/s, n = 2 and radius (r) = a

PLANETS n | r(km) |/(m2 / s) g(m/ sz) r(years)
SUN 2 686000 | 10% 9.8 45x10°
MERCURY 2 2439 10%° 9.8 13x10°
VENUS 2 6052 10%° 9.8 51x10°
MARS 2 33935 | 10%° 9.8 9.1x10°
JUPITER 2 71490 10%° 9.8 43x10*
SATURN 2 60270 10%° 9.8 5.1x10*
URANUS 2 25600 10%° 9.8 12x10°
NEPTUNE 2 24765 10%° 9.8 12x10°
PLUTO 2 1150 10%° 9.8 27x10°

29



CHAPTER TWO

2. CONCLUSION
The effects of gravity are completely dominant bwdies of radii larger than a few

hundred kilometers, which even if they were seyedaimaged would return closely to
spherical form in times of the ordei0® -10°years;nevertheless,bumps and pits of

heights typically of order 10km can be a permarheatures.

30



2.1 NOTATIONS

Corverernnnnen Wave (or phase) velocity

Deveverrnnennnn. Diameter

Forrrrernaennns Force

M coeemeeennanns Mass

Q(q) ............... Discharge

R(r)--evveeeeee Radius, also the universal gas constant

XY, Zoooneniennnnn, Volume of body force (gravity) along OX, OY, OZ spectively.
s FETTETTTSTRO Depth (wave theory)

o EERPRRPPEPPRIRY Gravity acceleration

Mleveennnnnnnens Element

0 [ETTPPPPRY Time

U,V Woeeereonnnennnnn Components of the velocity vector along the theadinate axes OX,

OY and OZ respectively.

Xy Yy Zooereeeenenenes Coordinates of a point along OX, OY and OZ respetyi
Jooereeeenenenes Coefficient of viscosity also scale, vertical
ZZRETERTRRPRRIRY Kinematic coefficient of viscosity
Deveeerennneenns Density
Govneenennnnnnns Normal stress
/AREPERTPEPRPEPR Time scale also time interval or shearing stress
reeeeereeeees Potential function

v=-—grad¢g

(u __0 a_co,a_coj

0x oy 0z

0A . I .
FraRE Partial derivative (with respect to *)
'ETTITITERPET Surface-harmonic of integral order n

31



- Surface harmonic
Gravitational-potential
Gravitational constant

Pressure
Kinetic energy

Potential energy

- Total dissipation

32
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