Solutions: gravitation

1 donné: r=3,9-10°m;m, =7,3-10" kg;m, =6-10*" kg

cherché: R,
Solution: l'esquisse

F,

T, L
@ -——o

my m m,
Solution analytique Solution numérique
M M M R
R L L. O (T &
RT Rl_ ML RL
M i
=R =(r-R,) [T =  R=—rt=3510'm
M, s

2 donné:

R, :1,5-10”m;R2:3,9-108m;mL:7,3-1022 kg;mT:6-1024 kg;mSZZ-lO30 kg

B
cherché: —

2
Solution: l'esquisse

2

Solution analytique

mom;

Solution numérique

R 2w _mR LIPS
F, G# m; R, F,
3 donné:
r=2-R, F  =144000N
G2hy

cherché: F
GaRy

Solution: l'esquisse

P, m
~—Q

2R,
-

Solution analytique

F G
Gory _ _(2R)
F s
Gary (4R,)

Solutions gravitation

Solution numérique

F,
ﬂ=E=4: F

Gigy

=36'000N

Gary

Dr F. Raemy

4 donné: P,

Terre

=800 N ; &11urs

s
cherché: P,
Solution: I'esquisse

8erre
“—Q@m

Solution analytique
Prye=m- gTen‘P} —m= Prore _ P

Prtars =M 8 ptars 8rere  BMars

_ Dterre
= Py = 8 ars

Terre

= 3,62%;&-&,,‘, = 9’81:’7;

Ertars
—Q@m

Solution numérique

P,,. =2952N

5  donné: m,,, =642-10% kg:g,,, =3,624,G =6,673231-107" NT

cherché: R,
Solution: I'esquisse

m
M —
gMar:
m
RMar&
Solution analytique
m,,, m m
_ ‘Mars _ Mars
F=G R ’\ng_GRz
Mars Mars

G-m
_ Mars
= RMurs -
8Mars

1 1
6 donné: gzggo;r=ER0;m,=6-1024kg
cherché: m
Solution: I'esquisse

' .
r

Solution analytique

_gm
8= 1 Gm 1Gm,
A =—
~ Gm, 8 zgo > 5 Rg
8o R§
1 m, 1
:>m—fm—;r2Ar=fR0 >m=—
2 R 2
- 1
m=—m
g T
Solutions gravitation 2

Solution numérique

Mars

Rys = 3440 km

Solution numérique

0) m=17,5-10% kg
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1 1
7 domné: g, =9,814; R, :ERO M, = EMT sm=T70kg; M, =6-10" kg

cherche: P,
Solution: l'esquisse

Solution analytique

M, 1
sm=G_Mm—5
R; 27 R, 3

Solution numérique

P =gm=G

8  donné: g, =9,814;G=6,673231 -IO’I'N;:%; R,=6,38-10°m
cherché: M,
Solution: I'esquisse

&
- @

Solution analytique Solution numérique

M
g =G—L =M, =5pg M, =5,98 10" kg

R; G

9 donné: m=50kg;h=06380m;R,= 6380~103m;gU = 9,81»\’_’7x

P
cherché: a)P,; b)—*
£

Solution: l'esquisse

—Q@m
R,
M M R,
g(r):G%:G s 7 = 8o . 2
r (Ry+h) (R +h)
Solution analytique Solution numérique
a)Fy=m-g, a)  P,=490,5N
mg R ) P
b)ﬂ 0wy R i by  “=0,998
F, mg, (Ro + h)_ P"i
Solutions gravitation 3

1
=Zgm P =2289N ;P =686,7N
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10 donné:
8 =9.81%:G =6,673231-10""N {15 R, = 6,38-10°m; M, = 610" kg
h=10"m
cherché: a)v, ;0)h,,

Solution: I'esquisse

h v, =0

/4»
@
R

g(r)
V% m
0

Solution analytique
a) AE ,+AE_, =0

pot

M M 2
|-G m| -G rm +mv2:0
R, R,+h 2

oy, = |2 Mam _GMym ) | Lo L | S — sz
m| R, R,+h R, R,+h _—

b)  AE, +AE, =0

pot

M M m(2) 2
=|-¢— || g2 1y ) Moo A v,=0
R0+h] R,+h

Solution numérique

2 2

1 1 v 1 1 Vi

= - = = = +
Ry+h ~ Ry+h 8GM, R,+h R,+h 8GM,

1 8GM, +v; (R, +h)
= =
Ry+h, (R, +h)8GM,

1 1
8GM, +2GM, [E—m}(&ﬁh) 8+2(m,+£4e,,)
0 _ o

Ry+h, (R, +h)8GM, " (R, +h)8
R, +h +h 4(Ry+h)—(4R, +h
L 2Bt p [t () p [A(Rth) (4R, +1)
P Ry +5h 4R, +h
3h
=h = R, =h =2,5km
¥ 4R +h B
Solutions gravitation 4
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1 donné:
d=1,496-10"m MS:I,989-1030 kg
R,=3,844-10n M, =5,976-10" kg
M, =17,35-10 kg
i=1,2,3 b) raisons pour la situation (3)
Solution: l'esquisse

cherché: a) F,

res; *

Solution analytique Solution numérique

NOUVELLE LUNE (1)

M, M N
F,=F,—-FE =GM, | ——-—L1=2,398-10° N
res N T M 2 Rz
S T -

PLAINE LUNE (2)

M, M
F,=F+F=GM, (*ﬁ—{] =6,330-10° N
R R =

DEMIE LUNE (3)

E, = \|F} +F} = 2F Fcos(90" +7)
tany = & =YY= a]‘Ctan&
"= ’ d

. F - 4‘
ﬁ‘)ﬂ:—y):ﬁ 206=arcsm[sm(90°+y).%}

res

F, =4,794-10° N ; o = 65,4096°

b)

Si I'on considere le mouvement de la lune et de la terre pendant une année, on constate que le
mouvement est complexe c. a. d. un mouvement résultant d'une superposition de deux mouvement
approximativement circulaires.

Solutions gravitation 5 Dr F. Raemy

La trajectoire de la lune autour du soleil pendant une année
o, =w, -t

o, =w, -t

x(t)= R, cos(@, -t)+ R, cos(w, -t)

y(t)= R, sin(®w, )+ R, sin(w, )

12 donné:
dy, =1,496-10" m;d,,, = 3,844 10 m; R, =6,371-10° m

M, =1,989-10" kg; M, =5,976-10* kg; M,, = 7,35-10” kg;G = 6,6732-10™" [ZT

cherché: F, (x)=F,(x)=a) e, (x) b)Z=c)x

Po

Solution: I'esquisse

|
| Rl !
[ '

Fr

7< A

@,
Solution anal;tique Solution numérique
a) E‘(x)zFL(x):GMsz:GMiLmZ Ad=d,,
X (dLT - )
2ML)\¢Z:MT(¢I—)C)2 2){22#((1—)()2

=S’ =c-d*-2dex+cx* = x(1-¢)+2c-d-x—cd’

24 2ed o cd® _ —_cd 4
S+ X 55=0 DX, =gt

cd 4 [_ed
1=¢) =/ (1-c

X2 =77

=x,=3,46- 10°m  (entre Lune et la Terre)

A F=-FAF=F
=x,=4,32-10°m  (al'exterieur du segment joinant la Lune et la Terre)

A FL=FT/\FL=FT

M M
B =Pr + O, ¢, =-G—"Ln ¢, =-G—+
X, d—x,

=¢,,(x)=-1280-10°L =9, (x)=-1152-10°L =g, (x)=-0,1278-10°L

Pres _
= % 20,02
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b) le maximum du potentiel résultant
le potentiel de la Terre et de la lune

14

1.x108 8
-5.x10°

—-1.x107
-1.5x107

—-2.x107

le potentiel résultant

(4
A

1.x108 g
-5.x108

—-1.x107
-1.5x107

-2.x107

La position du point d'équilibre des Forces de gravitation se trouve approximativement
54 R, (R0 =rayondela Terre) a part du centre de la terre et 6 R du centre de la lune.

13 donné: G; M ;R ;m;r
cherché: E)

Solution: l'esquisse

Solution analytique

1 1
E = GM,m| -
R, 2r

Solutions gravitation

Solution numérique
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14 donné:

8 =9.81%:G=6,673231-10""N = R, = 6,38-10°m; M, = 610" kg

h=10000 km =10" m
cherché: a)v, ;0)h,,

Solution: I'esquisse

A
K8

Uy
M; 2@ m
R,
Solution analytique

a) AE .+ AE,

pot cin = 0

2
:—GM——GMTm L
R, R,+h 2

Solution numérique

=0

L, = [2[GMm_Gum] _
m| R, R,+h

b) AE .+ AE,

pot cin

=0

11
GM, | —- =v,=87342
R, R, +h -

() _mi_,

m
N M m ——GMTm . _ N v, =0
Ry+h, R, +h 2 2
1 1 V] 1 1 v
= - == = +
R,+h R +h 8GM, R,+h  R,+h 8GM,
1 _ 8GM, +v;(R,+h)
Ry+h (R, +h)8GM,
8GM, +26M,| 1 (R, +h)
B T T R, R +h 0 B 8+2(Ru*':y"{o)
Ry+h (R, +h)8GM, T (R, +h)8
+h R 4(R,+h)— (4R, +h
= =(n )Ro_Rn:Ro u+h_1 =R, (R, +h)—(4R, +h)
b R +1h R, ++h 4R, +h
—h =N =h =5386knm
¥ 4R, +h B
Solutions gravitation 8

Dr F. Raemy




16

donné:

8 =9,814%:;G =6,673231 10N 2R, =6,38-10°m; M, = 6-10* kg; h =10000 km =10" m

ayv; bT; o)k
I'esquisse

cherché:
Solution:

donné:

cherché:

Solution:

Solution analytique

[

Solution numérique

M 2
aF,=F. = Tmz—mrw‘:mv—
(R, +h) r
M,
v |[GM v=17,35-10"2
Ry+h —
by =220 =7 =20 T=6301s

& :9,81\%;G:6,673231410’”Nk’:%;R0 =6,38-10°m; M, =6-10* kg
a)h=0m;b)h=R ;c)h— o

(E . .
Vi ( m)/,:g HON AP

I'esquisse
\ m

Solution analytique
a)F; =F, =

=V, =& R

(£) —
m)p=0 ~ 2

mg, =mre’ =m

E . (£
(W)/,:R(, 5 0) Y puite > (m )/uile

Solution numérique
2

Rll

Vo = 79062

m

(E)hzo =3,125-10’ ﬁ

b)F,=F, = ZZ;EH =mrew* =m 2‘;“
Vier, = \ 35 Vig, = 55942
(£),.,, =0(2R,)—p, + 52 (£),., =4.69-107 £
)V e =20, Ve = 117200 2

Solutions gravitation

m 3

(i)/uim =627 107§

9 Dr F. Raemy

17 donné:

8 =9.81%:G= 6,673231~10‘“N;;%;R0 =6,38-10°m; M, =6-10" kg

h
cherché: a) Epo,(h)
Solution: I'esquisse

;D) E,,, (h)

m

Solution analytique Solution numérique

M ) :
aF,=F, = G—" = mre* =m—
(R, +h) R,+h
GM _m _ GMy
Vi T\ Rowh E;, (h) =3 Rk
GMym
b) Epal (h) = T Rtk
Ew(h) _ 1
Epn) =~ 2

18 donné:

8 =9.814:G= 6,673231-10*”N;g%;1e0 =6,38-10°m; M, =6-10" kg

m =800 kg ; h, = 300 km ; h, = 250 km
cherché: a) v B, s E,, iD)vysE,, S E,, sO)AE,,;
Solution: I'esquisse

por, AE cin
v
m

Solution numérique
M. .m v
G—L—S=mrao*=m
(R, +h) Ry+h

Solution analytique

F,=F, =

_ | GMy
Vi = A Ry+h

a) v, =77282; E, =2,380-10" J;E

cim pony

=2,247-10° J

b) v, =7757%; E, =2,407-10°J:E,, =1887-10"J

c) Av=292 = AE, =18-10°J;AE,, =-3,6-10°J
= AEpm =-2- AEL’M
Solutions gravitation 10
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