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Planet Orbit

In physics, an orbit is the gravitationally curved path of one object around a
point or another body, for example the gravitational orbit of a planet around a
star.

Historically, the apparent motion of the planets were first understood in terms
of epicycles, which are the sums of numerous circular motions. This predicted
the path of the planets quite well, until Johannes Kepler was able to show that
the motion of the planets were in fact elliptical motions. Isaac Newton was
able to prove that this was equivalent to an inverse square, instantaneously
propagating force he called gravitation. Albert Einstein later was able to show
that gravity is due to curvature of space-time, and that orbits lie upon
geodesics.

Two bodies with a slight difference in mass orbiting around
a common barycenter. The sizes, and this particular type of
orbit are similar to the Pluto—-Charon system.
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Simple Orbit Examples
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Simple Orbit Examples
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Simple Orbit Examples: Observations
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M=4, r=0.2

t : time / (12month)
r : distance (between earth and sun) / (moon-earth : 0.3)

X = Xearth + Xmoon
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Orbital State Vectors

In astrodynamics or celestial dynamics orbital state vectors (sometimes state vectors) are vectors of position and velocity
that together with their time (epoch) uniquely determine the state of an orbiting body.

State vectors are excellent for pre-launch orbital predictions when combined with time (epoch) expressed as an offset to
the launch time. This makes the state vectors time-independent and good general prediction for orbit.
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Analysis of orbital motion

Please note that the following is a classical (Newtonian) analysis of orbital mechanics, which assumes the more subtle
effects of general relativity (like frame dragging and gravitational time dilation) are negligible. General relativity does,
however, need to be considered for some applications such as analysis of extremely massive heavenly bodies, precise
prediction of a system's state after a long period of time, and in the case of interplanetary travel, where fuel economy, and
thus precision, is paramount.
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M is the mass of the central body (the Sun),

GM m is the mass of the orbiting body (planet),
G : constant of universal gravitation
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Simulation Planetary Orbits @
1 III Module 4: The Planets Elapsed YearsiOrbits
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\ V. Venus = 353
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Jupiter = 1.3
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http://www.ioncmaste.ca’/homepage/resources/web_resou
rces/CSA_Astro9/files/multimedia/unit4/planetary_orbits/p
lanetary_obits.html

http://orinetz.com/planet/animatesystem.php?sysid=QUQTS2 05“& -+ = [} t_j_{'m
CSDQ44FDURR3XD6NUD6&orinetz_lang=1#
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Birthday problem

In probability theory, the birthday problem, or birthday paradox pertains to the probability
that in a set of randomly chosen people some pair of them will have the same birthday. In
a group of at least 23 randomly chosen people, there is more than 50% probability that
some pair of them will have the same birthday. Such a result (for just 23 people,
considering that there are 365 possible birthdays) is counter-intuitive to many.

For 57 or more people, the probability is more than 99%, and it reaches 100% when the
number of people reaches 366 (by the pigeonhole principle, ignoring leap years). The
mathematics behind this problem lead to a well-known cryptographic attack called the
birthday attack.

Probability of pair

T 2'3 T T T T
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People

A graph showing the approximate probability of at least two people sharing a birthday
amongst a certain number of people. 6"‘
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Birthday problem: Probability

To compute the approximate probability that in a room of n people, at least two
have the same birthday, we disregard variations in the distribution, such as leap

years, twins, seasonal or weekday variations, and assume that the 365 possible
birthdays are equally likely. Real-life birthday distributions are not uniform since not

10 11.70% all dates are equally likely.
20 41.10%
23 50.70% If P(A)is the probability of at least two people in the room having the same birthday,
30 70.60% it may be simpler to calculate PA), the probability of there not being any two
50 97.00% people having the same birthday. Then, because P/4) and P(A) are the only two
57 99.00% possibilities and are also mutually exclusive, P(A’) = 1- P(A).
100 100.00% When events are independent of each other, the probability of all of the events
200 100.00% occurring is equal to a product of the probabilities of each of the events occurring.
300 (100 — (6x10—80))% Therefore, if P(A) can be described as 23 independent events, P/A) could be
350 (100 — (3x10—129))% calculated as P(1) * P(2) * P(3) *... * P(23).
366 100%

This process can be generalized to a group of n people, where p(n) is the probability
of at least two people sharing a birthday.

p(n) =1x 1—i X 1—i X+ e X 1—n—_1
365 365 365

p(n) =1-p(n)
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Birthday problem: Excel
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Birthday problem: Excel Foron NoDuos oups
11,000 0,000
2 0,997 0,003
3 0992 0,008
4 098 0,016
1,200 5 0,973 0,027
2 6 0,960 0,040
2 1000 7 0944 0,056
= /”_ 8§ 0926 0074
S 0eaon 9 0905 0,095
a / 1w 0883 0117 [
5 0600 11 0859 0,141
2 / 12 0,833 0,167
= 0,400 13 0,806 0,194
i / 14 0777 0.223
e 0,200 15 0747 0,253
o 16 0716  0.284
0,000 ' 17 0685 0,315
18 08653 0347
0 50 100 19 0621 0.379
Ferson 20 0.B29 0.411
21 0556 0.444
22 0524 0.476
0.507
24 0462 0,538
1 2 n—1 o5 0431 0569
p(n) =Ix/1l-— |x|1-—— |x---x| 1—— In a group of at least 23 randomly
365 365 365 chosen people, there is more than
50% probability that some pair of

them will have the same birthday.
=B3*(B$1-A3)/B%1

p(n) =1-p(n)
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Birthday problem: Approximations

The Taylor series expansion of the exponential function

2
e =1+X+—+--

2!
provides a first-order approximation.

e =1+ X

The first expression can be approximated as
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Birthday problem: Approximations

Therefore,

An even coarser approximation is given by

p(n) ~1—ge 2x365

which, as the graph illustrates, is still fairly accurate.

0.75 -
0.5 A graph showing the accuracy of the approximation.
http://mathl.skku.ac.kr/home/pub/432/
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Birthday problem: Cryptosystem(Linear Attack!)

The white squares in this table show the number of hashes needed to achieve the given probability
of collision (column) given a hashspace of a certain size in bits (row). (Using the birthday analogy,
the hash space would be of size 365 (row); one desired to know the number of people that will give
a 50% chance (column) of a collision; the number of people is the white square where the row and
column intersect.) For comparison, 10—18 to 10—15 is the uncorrectable bit error rate of a typical
hard disk. In theory, MD5, 128 bits, should stay within that range until about 820 billion documents,
even if its possible outputs are many more.

hash space Desired probability of at least one hash collision (p)
#hits size
(2a#bits) 10718 1071% 10712 107° 1078 0.1% 1% 25% 50% 75%
32 43x10° 2 2 2 29 93 29x10% | 93x10% | 50=107| 7.7 = 10* |11 = 10°

64 18x=10"® 61 [ 19%10°  61=10° 1.9=10° | 6.1=10% | 1.9=x10% | 6.1=10% | 33 =10  51% 10% | 7.2 x 10°
128 | 34 x10% (26x10"782x10" 26 x 107382 x 10"%|2.6 x 10"%/8.3 x 1077 |2.6 x 10'8 1.4 x 10"%|2.2 4 10"%|3.1 x 10"°
266 | 12 %1077 (4.8 x10%% 15 x 1037 4.8 x 10%2[1.5 x 103 4.8 x 10%[1.5 x 1077 |4.8 = 10%7|2.6 = 1078 4.0 4 10¥®|5.7 = 10
384 3.9x10"° 8.9x10% 2.8 x 107 8.9 % 10° 2.8 x 10°%8.9 = 10°*|2.8 x 10°® 8.9 = 10°%|4.8 x 10°7 7.4 4 1057 1.0 x 1078
512 13=10"* 16=10% 52 %105 1.6« 107" 52 % 10716 = 107#|5.2 x 1077 1.6 = 107°|8.8 = 107 1.4 4 1077 1.9 = 1077

If 32-bit Hash Table system was tried 77000 times then this
hash table can be recognized by Hacker.
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