Homework 9

Due Tuesday 12/1/2009 at 5:30pm in my box in physics. These may also be handed in at the end of Justin
Mitchell’s office hours in PHY'S 228 from 4:00-5:30pm Tuesday.

Fowles Problems
7.1
7.3
7.8
7.9
7.12
7.14
7.16
7.22
7.26
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We conclude that ion rockets are not useful for launching pavloads from Earth but are
suitable tor deep space missions starting from Earth orbit in which efficient but gentle
propulsion svstems can be used

Problems

7.1 Assystem consists of three particles. ach of unit mass. with positions and velocities as follows:
Ry
=i+ j v, =2i
pejrk o ovaej
-~ == Find the position and velocity of the center of mass. Find also the linear momentum of
.7.25) k

the svstem.

7.2 {a) Find the kinetic energy of the svstem in Problem 7.1.
(b) Find the value of m¢?,, 2.
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(e} Find the angular momentun about the origin.

7.3 Aballet of mass m is fired from o gun ot mass M. If the gun can recoil frechy and the muzzle
velocity of the bullet (velocity relative to the gun as it leaves the barrel) is vy show that the
actual velocity of the bullet relative to the ground is ¢, /(1 + ) and the recoil velocity for
the gun is —ye, (1 + y) - where y= /M
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, . A block of wood rests on a smooth L orizontal table. A gun is fired horizentally at the block
el b and the bullet pusses through the block. emerging with halt its initial speed just before it
entered the block. Show that the fraction of the initial kinetic energv of the bullet that is

- - lost as frictional heat is 5~ ¥ where 7 is the ratio of the mass of the bullet w0 the muass

o of the block (y < 1).
nsinied 7.5 An artillery shell is fired at an angle of elevation of 60° with initial speed v, At the uper-
- rute at most part of its trajectory. the shell bursts into two equal tragments, one of which moves
directly upward, relative to the ground, with initial speed ¢./2. What is the direction and
speed of the other tragment immediatelyv after the burst?®
- 7.6 A ball is dropped from a height i onto a horizontal pavement. If the coefficient of restitu-
- tion is €. show that the total vertical distance the ball goes before the rebounds cease is
(1l +e)/(1 -€). Find also the total length of time that the ball bounces.

B 7.7 A small car of @ mass m and initial speed ¢, collides head-on on an iev road with a truck of
mass 4 gong toward the car with initial speed 3to. I the coefficient of restitution in the
collision is +. find the speed and direction of each vehicle just after colliding.

- . ‘ : ‘ I T

7.8 Show that the kinetic energy of a twe-particle svstem is S, + sue T where m=m, + m..
i v is the relative speed. and g is the reduced mass

7.9 It two bodies undergo a direct collision. show that the loss ir kinetic energy is equal to

Cuctl-€

where uis the reduced muss. v 1s the relative speed belore impact, and € is the coefficient
ol restitution

7.10 A moving particle of mass m, collides elastically with a target particle of mass m,, which is
iitially at rest [f the collision 1s head-on. show that the mcident purticle loses a traction
4 of its original kimetic energy. where wis the reduced mass and i = i, + i,
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7.22

7.23

CHAPTER 7 Dynamics of Systems of Particles

7.11  Show that the angular momentum of 4 two-particle svstem is
Lo, Xmv, +RX uv
where m =1y + i, 4 is the reduced mass. Ris the relative position vector. and v i« the rel-
ative velocity of the two particles.

7.12  The observed period of the binary svstem Cyanns X-1 presinned to be 4 bright star and a
black hole. is 5.6 davs. If the mass of the visibe componentis 20 M - and the black Yole has
amass of 16 M. show that the semimajor axis of the orbir of the black hole relutive to the
visible star is roughly one-fifth the distance from, Eartli to the Sun

713 (a) Using the coordinate comention giveris Section 74 fo- the restricted three-bodv prob-

lem. find the coordinates (1", ") of the two Lagrangian points. L, and Ls.
(b) Show that the gradient of the effective potential function V(v ;) vanishes at Lyand L.

7.14 A proton of mass my, with initial velocity v, collides with o helinm atom. mass 4m,,, that is ini-
tiall- at rest. If the proton leaves the point of impact at un angle of 45° with its original line of
motion. find the final velocities of each particle. Assume that the collision is perzecshelastic.

715 Work Problem 7.14 for the case that the collision is inelustic and that Qis equal to one-fourth
of the initial energy of the proton.
7.16  Referring to Problem 7.14. find the scattering angle of the proton in the center of mass
svstem.
7.17  Find the scattering angle of the proton in the center-of-mmass svstem for Problem 715,
7.18 A particle of mass m with initial momentium p; collides with 4 particle of equal mass at rest
It the magnitudes of the final momenta of the two particles are prand pl. respectivelv. show
that the energv loss of the collision is given by
;o
) )
Q = .}ﬁl; cosy
) m
where ¢ is the angle between the paths of the two particles after coiliding,
7.19 A particle of mass ny with an initial kinetic energy T makes an elastic collision with » par-
ticle of iass i, initially ut rest. ny is deflected from it origina. direction with a kinetic energy
T/ through an angle ¢, as in Figure 7.6.1, Letting = m;/me. and y= cos 0,. show that the
fractional kinetic energy lost by m,. AT/T, = (T, ~T))/T,. is given by
AT, 2 2y
=l - sly+ya+y -1 |
T, Iva (I+a)yt /
7.20  Derive Equation 7.6.18
7.21

A particle of mass m, scatters elastical]
described in Problem 7.19. Find the
particle to travel from the coll

v from a particle ¢f mass my initiallv at rest
curve r( @) such that the time it takes the scatte
Ision point to any’

as
red
point al()ng the curve is a constant,
Auniform chain lies in heap on a table. 1f one end is r
itv ¢, show that the upward force that must he
the weight of 4 length = +
at anv instant.

aised verticallv with uniforim veloc-
exerted on th= end of the ¢}

f : 1ain is equal to
(t/g) of the chain. where =

is the length that has been uncoiled

Find the differential equation of motion of
asit fal’s. Assume that the drop remains spl
to the cross-sectional arew of the d
starts from rest wl

a raindrop falling through o mist collecting mass
terical and that the rete of accretion i proportional
rop nultiplied by the speed of fall, Show that if the

S rop

nen it is infinitelv small. then the acceleration is constant an equal to z2/7.
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A uniform heawv chain of length ¢ hangs initially with a part of length b hanging over the
edge of a table. The remaining part. of 1mmth a —b.is coiled up at the edge of the table. If
the chain is released. show that the speed of the chain when the last link leaves th> end of
the table is {2g(a” ~b7) 3a }! -

A balloon of mass M containing a bag of sand of mass m,, is filled with het air until it becomes
buovant enough to rise ever so slighth- above the ground. where it then hovers in equilibrium.
Sand is then released at a constant rate such that all of it is dumped out in a time t,. Find
(a) the height of the balloon and (b) its velocity when all the sand has been r: leased.
Assume that the u pward buovancy force remains constant and neglect air resistence. (c)
Assume that € = m/M is verv small, and find a power series expansion of vour soluions for
parts (a) and (b) in terms of this ratio. (d) Le=ting M = 500 kg. my=10 l\g and ¢, = 100 s,
and ]\eepmg s onlv the first-order term in the expansions obtained in part (¢), find a numer-
ical value for the height and velocity attained when all the sand has been released.

A rocket, whose total mass is mq. contains a quantity of fuel, whose mass is emg (0 <e < 1).
Suppose that. on ignition. the fuel is burned at a constant mass-rate k, ejecting gasses with a
constant speed V relative to the rocket. Assume that the rocket is in a force-free environment.
(a) Find the distance that the rocket has traveled at the moment it has burnt all the fuel.
(b) What is the maximum possible distance that the rocket can travel during the burning
phase? Assume that it starts from rest.

A rocket traveling through the atmosphere experiences a linear air resistance —kv. “ind the
differential equation of motion when all other external forces are negligible. Integrate the
equation and show that if the rocket starts frcm rest, the final speed is given by

r=Va[l - (}n/;n(,)L “
where Vis the relative speed of the exhaust tuel. a= | m/k| = constant, my is the iniial mass
of the rocket plus fuel. and m is the final mass of the rocket.
Find the equation of motion for a rocket fired vertically upward, assuming g is constant.
Find the ratio of fuel to pavload to achieve a final speed equal to the escape speec ¢, from
the Earth if the speed of the exhaust gas is kv,. where k is a given constant, and thle fuel
burning rate is {1 |. Compute the numerical \alue of the fuel- payload ratio for k = 3, and
[} equal to 1% of the mass of the fuel per second.

Alpha Centauri is the nearest star svstem, about 4 light years from Earth. Assume that an
ion rocket has been built to travel to Alpha Centauri. Suppose the exhaust velocizv of the
ions is one-tenth the speed of light. Let the initial mass of the fuel be twice that of the pav-
load (ignore the mass of the rocket. itself). Also, assume that it takes about 100 hours to
exhaust all the fuel of the rocket. How long does it take the rocket to reach Alpha Centauri?
(The speeds are small enough that vou can neglect the effects of special relativity )

Consider the ion rocket described in Problem 7.29. Let’s compare it to a chemical rocket whose

exhaust velocity is 3 kimss. In the case of the ion rocket, 1 kg of tuel accelerates 1 kg of pay-
load to a final velos ity ¢ What fuel mass is required to accelerate the same pav oad to the

same final velocity with the chemical rocket? (In each case. ignore the mass of the rocket.)

Computer Problems

C 7.1 Let swo particles (m; = m, = 1 kg) repel each other with equal and opposite torces given by

F, =k b: ry, = —F,

2 -2
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