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For this test you have to use the materials you found in the box: milimetric paper, plasticine, a
ruler, wire, knife, scissors, auto adhesive paper, adhesive band, pins and a support plate.

Defensing the Earth with plasticine, a wire, a pen and scissors

A giant asteroid, potentially dangerous for Earth flight towards the Earth. The collision is
inevitable so from an artificial Earth’s satellite a nuclear missile will be launched in order to brake
into parts the asteroid. You are in a control post, with no computers, only with materials from the box
you receive. In one hour and half you have to send the box with the solution of the following
problems in order to plan the defensive strategy for our planet.

Real facts
The asteroid 2013 UX11 (Galati — Romania 2013)

During the night between 29" and 30" of October 2013, two astronomers Ovidiu Tercu and
Alex Dumitriu from the Astronomic Observatory from Galati, Romania discovered an asteroid in the
Torro constellation. The asteroid named 2013 UX11 has a diameter of D = 2,5km . This was the first
time that an asteroid was discovered by Romanian astronomer in order to make this problem for
IOAA. After analyzing the data in the “Minor Planet Center” the following communication was
received: 2013 UXI11 is an asteroid from the Main Belt of Asteroids, orbiting between the orbits of
Mars an Jupiter with period T = 4,2 years with an eccentricity e = 0,15.

a) Find out the characteristics of orbit of the 2013 UXI11 regrdless to the Sun-
(a, b,c,r .1 ) You know the mass of the Sun M =9,1-10°° kgand the gravitational constant

K =6,67-107" Nm’kg ™.
b) Find out the maximum and respectively the minimum of the temperatures of the surface of
the asteroid. You know : Temperature of the surface of the Sun 7, = 6000 K; the radius of the Sun

R, =7-10° km; the albedo of the surface of the asteroid « = 0,2.

The plan

You have received a scaled sketch of the positions of the Earth (P), satellite (S) and the point
where the missile have to hit the asteroid. The distance between asteroid and the Earth is
r=30000 km.
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You have to analyze the problem of saving the Earth only by using the materials from the box
in the following conditions:

A. For a given speed of the missile v, the problem have only one solution i.e. there is

only one trajectory form S to A, available for the missile in order to hit the asteroid. You have to
determine by using the materials :

a) the elements of the missile trajectory;

b) the direction of the initial speed of the missile v, in order to be able to hit the asteroid.

Indicate on the paper sheet the angle you measured.
c) Calculate the launch velocity of the missile v, if you know the mass of the Earth

M =6-10* kg and the gravitational constant K = 6,67 10" Nm’kg ™

d) Using the plasticine imagine a very simple device in order to calculate the duration of
missile flight from launch untill the impact with the asteroid.

e) Using the wire, measure the distance covered by the missile from the launch-point to the
impact-point.
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B. Two solutions . To be sure that the asteroid will be destroyed from another satellite orbiting
the Earth at another altitude will be launched in the same moment of time, a second missile in order to
hit the asteroid simultaneously with the first missile. Notations P — center of the Earth; S — launch
position of the new missile, A — the impact point at distance » =30000 km from the Earth.

In this configuration you know that there are two possible trajectories, form S to A for the
second missile. For that a mysterious point X is marked on the sketch.

You have to find out:

a) the elements of the two possible trajectories.

b) For each trajectory determine the directions of the launch-speeds, at the same velocity
which allows the missile to hit the target;

¢) The launch- velocity v, if you know the maa of the Earth M = 6-10** kg and the

gravitational constant G =6.67-107"" Nm’kg™;

d) Using the plasticine imagine a very simple device in order to calculate the durations of
missile flight from launch till the impact with the asteroid for the both trajectories

e) Using the wire, measure the distances covered by the missile from launch-point to the
impact-point.
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C. Security zone
You have to delimitate around the Earth a security zone. From the point A of this problem you know
that there is a unique possible trajectory for the defensive missile. This means that the pointA on the
sketch is locate on a curve which delimitates a security yone for the Earth.
a) If you know that the triangle defined by the points P- the Earth, S — Sun, A — impact point
remains unchanged in time establish the shape of the curve which delimitates the security zone
b) Draw on the paper this curve and determine its parameters
c¢) Where have to be situated the impact — point A in order to hit the asteroid simultaneously with
to missiles
d) Use your plasticine device to fiind out the time spent by an fragment of the asteroid which flies
after the impact with the missile, on the curve which delimitates the security zone
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Solving

a)

a=3 ;
Ar?
T=42ani=42-365-24-3600s;

(4,2:365-24-36) -10*-6,67-107"-9,1-10%

a=3 3 m

4-(3,14)
o _,|(4.2:365-24-36) -10° -6,67-10"'-9,1-10"
4,2:365-24-36-4-(3,14)

10*-6,67-107""-9,1-10"
4,2-365-24-36-4-(3,14)
6,67-9,1-10%
4,2-365-24-36-4
60697000-10"
5298048
a=~1324512-3/11,4564836 -10° m; 3/11,4564836 = 2,25;
a=1324512-2,25-10°m =2980152-10° m;
a=3-10"m=3-10" km;

2
e= l—b—z; b=a-l-¢é*;
a

b=3-10°11-(0,15) km; b =~2,96-10° km;
¢ =+a* -b* ~0,488-10° km;
v =a-c=2,512-10° km;
P = @+C=3,488-10° km.

a=4,2-365-24-36-3\/ m; (3,14) =10;

3

az4,2~365-24-36-3\/

9

a=13245 12'3\/

_ Eemis,Soare _ 0,T4
QSoare - £S - N

Soare

unde o este o constanta;
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Eemis,Soa.re _ P . T4 _ Pemis,Soare .
= L emis,Soare? Ol S T 52
t 4R

4 2
Remis,Soare = O—TS 47ﬂ-\’S :

Densitatea fluxului energetic al Soarelui, la distanfa r,¢ fatd de acesta (acolo unde se afla

Asteroidul), insemneaza energia tuturor radiatiilor emise de Soare, care traverseaza unitatea de arie a
unei suprafete, sub incidenta normala, n unitatea de timp, adica:

emis,Soare
¢ __ “emis,Soare _ t _ Pemis,Soare _ Pemis,Soare .
Soare,ryg - - - 2 0
St S S A
4 2
p ol 4R,
Soare,ryg =T 5
4y

Semisfera asteroidului expusa radiatiilor solare este echivalentd cu un disc plan circular, avand
raza R, si aria suprafetei yzRi, asezat perpendicular pe directia Soare — Asteroid, astfel incat fluxul
radiatiilor solare incidente, F, la nivelul Asteroidului (adicd energia solara incidentd le nivelul
Asteroidului, in unitatea de timp), este:

2 .
Encident - ¢Soare,rAS Jﬂ%A - Pincident =F, emis Soare °

4 2
= M aR> =P .
incident 4 2 A~ %incident
m’As
_ Reﬂectat,Asteroid .
- s
Encident
oTy 4nR;
_ g s Vs o
reflectat,Asteroid — incident — 2 A-
4y

In acord cu desenul din figura aliturati, ecuatia bilantului energetic al procesului analizat este:

Asteroidul

reflectat

<—> Pisonsit

P .
incident Rfmis

Fig.

Lo

])incident,Asteroid = ])reﬁectaLAsteroid + sorbitAsteroid »

oTy 4nR; R oT 4nR:
AT 2

. -7R; + P
4y 4y

absorbit, Asteroid *
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4 2
P emis,Asteroid = UT A 4JZRA .
Stationary
4 2
})emis,Asteroid = P absorbit,Asteroid = UT A 4‘7ﬂA’

07-'54 4'727:RS2 . .7[122
4y

Rezults

T44 2
s 47y 7R + T, -4nR;;

= 2

A 4y
TAR? TAR?
S 2S =q S 2S + T:,
4rAS 4rAS
TAR?
(l_a) > zs =T:’

4r,
4 Ry
T,=T,Vl-a- ,
27,
4/ Ry
TAmax=T'S' l-a- >
’ 2rAS,min

Ty =6000K; Ry =7-10% km; r,g .. =2,512-10° km; & = 0,2;

T A,max

6000 \/

When the astheroid is at perihelium ;
TAmin=TS'4“1_a' RS >
’ 2rAS,max

. 5
—6000K-4f1-02- | 107km__
2:2512-10° km
41202 =4/0.8 ~0,945;
7-10° _\/36-7-103

2:2,512-10° 2-2,512
=223,96-0,945 K = 211,6422 K,

~ 223,96;

TA,max

T, =6000K; Rg =7-10° km; 7,5 .. =3,488-10° km; & = 0,2;

7-10° km

= 6000 K-4/1-0,2 \/

TA,min 3 ;
2-3,488-10° km
3/1-0,2 =3/0,8 =0,945;
. 5 . . 3
00- |10 _ 36TI0T 00
2-3,488-10 2-3,488

T, in =190,06-0,945 K =179,60 K,
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When the astheroid is at aphelium.
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r,+x=2a;r+y=2a;

Ty+X=r+y;
X-y=r—r1,=Ar;
xX+y=d;

x=%(d+Ar); y=%(d—Ar),
1 1 1 1 1
a=5(r0+x)=5[r0+5(d+Ar)] =E[r0+5(d+r—r0)];

a=—

1 1
r0+5(d+r)—%°] =Z(r0+r+d},

2a=%(r0+r+d},

EF, =2c;
2 2 2 2
c=va -b"; b=+a -c°;
b? rooo—r
e= 1__2’ e = —max mm;
a oo F i

A a(l—e}, Voo = a(l + e); Vi F Vo = 240
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Din masuratori efectuate pe desen si din calcule, rezulta:
7, =133mm;r =153 mm; d =115 mm;
Ar =7 -1, =20 mm;
x =675mm; y =47,5mm;
2a =200 mm; @ =100 mm;
2b =148 mm; b = 74 mm;
2c¢ =134 mm; ¢ = 67 mm;
e=0,67;r . =33mm;r, =167 mm;

> "min s " max

7.y =30000 km; 7 =153 mm;

r 153 mm’
Ty real = 7,S =26078,43 km; dreal =dS = 22549 km;
'xreal =x§ = 13235,3 km, yreal = yS =93 13,7 km,
Ay = 19607,84 km; breal ~14509,80 km; ¢

~6470,58 km; r, ~32745,09 km.

> " max,real

real

rmin,real

b)

~13137,25 km;
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a = 54°.
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c)
2 2
V]ﬂz M VO M
s _=__K_;
2 ha 2 0
Vi, 1, =V, sina;
ve M), 1 5,5 .,
——-K— |1, KMr,, ——v 1y sin“a =0.
2 ry ) T2
r1 Apogee
2, Perigee,:

1
a:E(r1+r2)a

KMr,

a=——,
2KM —r,v?

relatie independent of o relationship for v

2areal - rO,real KM 2areal - rO,real
VO = K (‘/1 = . R

arealro,real rO,real areal
30000 km
153 mm;
Ty e = 133 mm- 3050;)—01“” ~ 26078 km;
mm

M =6-10"kg; K =6,67-10"" Nm’kg™;
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2a,, =200mm:-S;
v \/667 10" Nm’kg™6-10* kg 200- 133
‘ 26078-10° m 100
. =11, <. 24
VO:\/6,67 10 6310 200-133 E~3200__32E
26078-10 100 s s
d)
2 2
2 L real’m<<M T _4” ’ feal;
K(M +m)
M =6-10"kg; K =6,67-10"" Nm’kg™;
_30000km
153 mm;

=100 mm- S = 19608 km;

re al

3 3109
T =27, | Greal 2-3,14\/ 19608 110" 27040
KM

6,67-10™""-6-10%
T ~454min ~7,56 h.

The system has to be done

____________________________

G-d=AG-D;mg-d=Am-g-D,
m-d=Am-D;p-V-d=p-AV-D;
V-d=AV-D;S-h-d=AS-h-D;

S-d=as D222
S D

According to the second Keppler law:
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JAY A AS;
At =A_S.T=i.T’
S D
D d T At
26 cm 11 cm 7,56 h 3,19h

e) Measurements ao a wire along the elipse sector between S and A:
[y, =135 mm;
30000 km

~26470,58 km.
3mm

ZSAreal =/, +S=135mm
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B.
a) The 2 elipses have a common focar so the injection point will go in the same point ’70’with

, V,. The both elipses semiaxes are identical:

KMr,
2KM — rové '

initial velocity

a =

2c, #2c,;, 2D, = 2D,; e =e,.

PS+SX =PA + AX =170 mm,
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AAfter localizing the focuses of the elipses the axes can be drawn.
47, =2a;r+r'=2a.
Measuring r, and 7,, or 7 and 7', can be calculated:
30000 km

b

107 mm
ry=95mm-S; 7, =75 mm-S;
r=107mm-S; »'=63 mm-S;
2a =170mm- S = 47664 km,;
30000 km
07 mm

(r+7')=85mmS =85 mm ~23832 km.

N | —

a=%(r0 +r(;)=

FF, =2¢,;b =\a’ -c];
2¢, =100mm- S; ¢, =50mm- S;
b =69mm' S =19346km;
FE, =2¢,; b, =+Ja’ —c3;
2¢, =60mmr S; ¢, =30mm- S;
b, =80mmr § = 22430km.

2a+2¢, =170 mm+100mm = 270 mm

Sheet of paper

Support plate
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d)

a' =50 a" =70°

VO — KM 2’areal - rO,real — KM . 261 - 7"0 :
areaer,real rO,real a

7, =95mm-S;S=M;
107 mm
Foreal = 26036 km; 2a =170 mm- S;

a=8Smm-S; a,_, =23831,77 km;

2 47’ 3
= 'areal;
K(M +m)
M =6-10"kg; K =6,67-10"" Nm’kg™;
a,, = 23832 km;

3 3109
T=2p e _p.3p4 | 2820363
KM 6,67-1071-6-10

T =608 min =10 h.

2
4.7T'3

real

m<<M;T? =

For each of two elipses the device has to be used

2a =170mm; 2a,, = 47663,55 km;
v = \/6,67-10‘” Nm’kg™-6-10* kg 170-95
’ 26636-10° m 85
1n-11 . £.1024 _
VO:\/6,67 1071-6:10% 170-95 m _;cpom 5 km
26636-10 8 s S S
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G-d=AG-D;mg-d=Am-g-D,
m-d=Am-D;p-V-d=p-AV-D;
V-d=AV-D;S-h-d=AS-h-D;

For the projectile on elipse E', from measurements :
d=128cm; D=23cm; T =10h;
d 12,8 cm

At=—-T =
D 23 cm

d =10,7cm; D =25 cm;

_10.7em o~ 408 h:
25 cm

At=T-A7=572h;
556h+5,72h

‘10h = 5,56 h;

AT

At =5,64h.

For the projectile on elipse E", from measurements:
d=85cm;D=223cm; T =10h;
d 8,5cm

At=2.T=
D 223cm

d=135cm; D =23 cm;
_13,5cm
23 cm

‘10h =3,81h;

AT

‘10 h =5,86 h;
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At =T -Ar=4]14h;
A= 28I+ A14D oy

e) Modeling one wire on each sector SA:

30000km _ <1208 41 km:
07 mm

30000km _ 13 31 k.,
7 mm

lgy =183 mm; g, ., =I5, S =183 mm

l;A = 156 mim, I;A,real = l;AS = 156 mm

- -

PA + AS=2a,;

r+x+y=2a,;

ry+x=2a;r+y=2a:
2a+2a-r1, =2a,;

2a, =4a-r,,
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2a, =222 mm - 74 mm = 148 mm;

g _ 30000 km_

85mm
2ay.., =2a,S =148 mm- 20000 KM _ 55535 29 km,

’ 85 mm

a-A:
2a, =400mm - 133 mm = 267 mm;
g _ 30000 km_
153mm
130000 km

24 o = 2a,S =267 mm ~52352,94km; a, ., = 26176,47 km.

3mm
Security elipse .
2CO,real = rO,real = 26078 km, CO,real = 13039 km,

Bo et = | Xt = Co e 2269784 km;

b2
0,real

€0= 1_ 2rea zO,S.
aO,real

Conturul elipsei de siguranta se traseaza asa cum indicd desenul din figura alaturata.

2a, +2c, =148 mm+ 74 mm = 222 mm
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N e, —,m e —m——-

b)
c)
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G-d=AG-D;mg-d=Am-g-D,
m-d=Am-D;p-V-d=p-AV-D;
V-d=AV-D;S-h-d=AS-h-D;

2
72 = %agm,; g = 26176,47 km;

M =6-10"kg; K =6,67-10""" Nm’kg™>;

a
Ty =27y 0 -1/ Ile ~42042,42 s;

T, ~700,7 min ~ 11,67 h.

d=85cm;D=23cm; T=11,67h;

Ar=i-T=8’Scm
D 23 cm

At=T,-Ar=736h,

‘11,67h=431h;



