Problem # 1

Find the net force ( direction and magnitude) acting on patrticle 2 ( see
figure below).The mass of balll is m;= 2 kg, mass of ball 2 is 2*m,
and the mass of ball 3 is m;/2. The distance between balll and ball2
Is | =4 cm and the distance between ball 1 and 3 is L=5 cm.
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2 = B where G=6.67*10"" N*m/kg”, m; = 2 kg, my;= 4 kg and

=0.04m  so F, =(-1)*F, =(-1)*3.33*%107N

_ G*m, *m, ~G*m, *m,

F23 - d2 F23 = (L2 _IZ)
where G=6.67*10"" N*m/kg’, m; = 4 kg, my= 1kg and d=0.03m
S0 F23 :(_j)*F23 :(_J)*296*10_7N

'fz = (_f)* F21 +(- j) * F23

Fore =[(Fs))” +(Fpy)’ =4.46*107 N
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tanf =—2, so @ =tan" (F—Z‘) =48.36°
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Problem #2

A satellite with a mass of m=600 kg is orbiting around the Earth in a
circular orbit at a distance of h=300 km from Earth’s surface.

Find its angular momentum.

Find the time it takes the satellite to complete one revolution.

Find its total mechanical energy .

If you replace the satellite with another satellite that is four times
heavier what will be the time to complete two revolutions?

a) L=m*VvV*r where rZRE+h
Newton’s second law
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Where

G=6.67*10"" N*m/kg®, Rg= 6.37*10°m, h=0.3*10° m, m= 600 kg,
Mg = 5.98*%10** kg

So

L=30.9*10"* kgm?® /s
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so T =54%10%s

c) E=K+U
K= Lmwy2o LG M* M,
2 2 (Rg+h)
_ G*M:*m
(Re +h)
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So E :_GM—Em=17_94*10—9J
2*(Rg +h)

d) the mass of the satellite does not appear in formula for T so

t=2*T =108*10%s

Problem#3

An asteroid is moving directly toward the earth. When it hits the earth
its speed is 14.14km/s. At what distance above the Earth’s surface
had the satellite a speed of 10 km/s? Neglect air resistance.

Find the ratio between the gravitational forces.

a)

The mechanical energy is conserved

K,+U, =K, +U;
1 » G*M *m _ 1 » G*Mg*m

—m*y;, ——————=—m*v;
r 2 Re

% %
So +o_ L *[l*m*(vf—v$)+—G Mg *m
rr G*Mg*m 2 Re
Where
G= 6.67*10"" N*m/kg’ , Rg= 6.37*10° m, Mg = 5.98%10** kg, Vinia=10"m/s and
Vina=14.14%¥10° m/s

So r=0.8%10" m
h=r-R;

So h=0.125*Rg

G*M_. *m
b) Fg,initial :_r—zE
G*M_ *m

I:g,final = R Ez

E



I:g,final :i SO I:g,final _ (08*107)2 _
Foiia  Re Fomga  (6.37%10°)
Problem#4

A comet is moving in an elliptical orbit around the earth. If the
eccentricity of the orbit is 0.9 and the distance between aphelion and
perihelion is L=10* km find the distance of nearest approach of the
comet.

What will the speed of the comet be at aphelion if the speed of the
comet at perihelion is 100 km/s?
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a) From the figure above
rmin + rmax = 2a
. =at+ta*e=a(l+e)
Sor.. =2a-a(l+e)=a(l-e)
L

But a:E so a=5*10""m
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*(1—e)=5*10""m

b) Angular momentum is conserved

* % — % %
m=v rmin =m Vperihelion rmax

aphelion

r..=95%10"m

So
rmin %k

Vaphelion = Vperihelion SO Vaphelion = 52.63 km/s
max

Problem#5

A small sphere of mass m is placed at a distance d above one of the
free ends of a uniform rod of length L and mass M. Find the
gravitational potential energy of the system .Find the gravitational
force between these two objects.
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We divide the rod in an infinite numbers of tiny segments of mass dM and length dx
The gravitational potential energy of the system one mass element-sphere is

G*m*dM

r

Where r =+4/x> +d? and dM =%*dx

So
*
qu —__8*m M .
x*+d? L

du = -

The gravitational potential energy of the system rod-sphere is

G*m*M
U=|dU =- + M dx:
fou=—f 2 o e
k * L * % 2 2
U=—G M m(ln(x+ 2 1d? ):_G M mlnL-H/L +d
L 0 L d
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