Problem 3.4 Rotating funnel
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not sliding out
Fy —m(2nv) rsind—mgcosd =0
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F < 1y
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Condition of not sliding out Is:

2 _ 9 SIn@ + 1cosd

2nv ) < =(2nv, f
(2nv) r(cosd — using (2mv,)




(va)z . gsiné + ucosd _(va )2
~ r|cosé — usiné :
cos@ — usin@>0 or cotd=> u
Conditional!
u>cotl ?

(2mv ) r(cos@ — usin@)< g

(sin@+ zcos@

)

Never slides out \
0<07?



If sin@+ ucosd >0
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Asymptotically




problem 3.9 *Only Coriolis force Is considered:
( , y-north; z-up)

—2M@ xV =—-2maV,sin@1 VvV, = —gt
Equation of motionis mX=2magtsiné

.. 1 ]
Solution is x=§a)gt3sm6'+0+0

Substitution of t=,/2h/g yields
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(a) Conservation of mechanical
energy reads
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Without losing contact with the track, the block
keeps a finite N from the track
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mv
~N-mg+—=2 =0

R

N >0 leads :

mv
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(b) When v, =0.775v,
at P, conservation law reads

%mvg = %mvé +mgR(1L+sin o)
Normal equation of motion Is
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Problem 3.14

. mgcosé — Fr = (r—ré’z)
e,: —mgsing = m(ré+2r’6")




Initial conditions:  t=0,0=n/2 r=/
0=0 r=0
Conservation of energy:

im(r’2 + rzéz)— mgrcos«9+ik(r — 1) =0

A S 2 B W
r,o (/2
Or for (¢ + AZ,0) and (¢, w/2),

%mv2 —mg (¢ + M)+%k(M)2 =0



Equation of motion in the normal direction

V2

KA/ —mg =m
V— AL

[I'he radius of
curvature ]




%mvz —mg(€+M)+%k(M)2 =0 (1)

mv? + mg(l —eAl)—kAal(t —eal)=0 (2
Eliminating mv? terms
—2mg (¢ + Al)+ k(ALY —mg (¢ — eAl) + kAL(¢ + AL)=0
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Using Eq.(1)
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Using (1)+(2)
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Using (2) N
mv? = (kA —mg )Z(l— 57j
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Problem 4.4




Problem 4.5 Known h =640 km, m = 220 kg

c)

A =\/ M _754x10° m/s

R+h
£, = oMM _ 6 25x10°)
2(R + h)
b)
T, = 28BN 5 8410%

Vo



C)
E =E,-1.40x10°Jx1500 = —6.46 x10°]

E :R+h; r:(R+h)£—R:412km,
E, R+r E,

lz\/mhzl.oz
V, R+r

v=7.67x10°m/s

- 2n(R + h)
V

T — 5.56x10°s



o)
F.2nf =1.40x10°J: F =3.23x10°N

e)
r.V
00 +1.02 notconserved
rv

but changes 2% only



Problem 4.6 A person 50kg can jump ~1m
on the earth, his launch kinetic energy = mgh

This energy Is just enough for escape from
the planet.

MG —2h =G 10 g h=1 R?

RS R R@ RS

For similar density

R ~ /Rg -1m ~ 2.5km
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m

R3 —Rg h = ~3 R
For similar mass
R2
R~—% ~4%x10"km
1m

Which one 1s reasonable?



Problem 4.7

a) E:_GI\/Im; EA+EB:—GMm
2r r
GM (2m)

b) L=0; v=0, E=U=-

c) falls down to the earth



Problem 4.12 Known V, = \/k/(2ma)

Eazimvs—hz—%
2 a da
1 5, kK

E, =—mv, ——

b0

a)> k k  3k2
m =
b) 2ma b da



2 4
I{Bj —4E+1=0 >b=1(4i2):< !

a a a 6 1/3
b=a/3; v,=3v, ellipse
b=a For circle the speed will be
—
k . . .

V = . [—— Instead. So It means same point.

V' ma

ve  k
m—=—



*Problem 4.14  For central force, we have
conservation of angular momentum respect to
the origin O. Motion occurs in a plane. In 2D
Cartesian system, the equation of motion Is

—kX = 1iX
—Ky = 14
The solution is
x = Acos(at + ¢, ) K

y = Bcos(at + ¢@,)



The trajectory is an ellipse. In some initial
conditions (say y, = 0, X, = 0) It s

-




