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Homework 2 — Mechanics -Due Tuesday 1/28/2003

Turn Homework in at Dr. Stewart’s Mailbox in the Physics Office 7 [ / [/
A W
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Extra Problems
. El. A system with two stable states can be represented by a potential of the form U(x) = a-bx"2+cx"4
/1. Find the location of the minima of this potential.
. 2. 'What condition must be met for two minima to exist?
'/‘,‘/3. When the potential has two minima, find the height of the energy barrier a particle at the

bottom of one of the minima must overcome to move to the other stable minima.

; 4. If a particle of mass m has total energy equal to one tenth the barrier height, compute the
trajectory of the particle if the particle is at the location of the minima at t=0. You may
expand about the minima.

E2. A motorcyclist jumps a canyon by driving at high speed up a ramp. Analyze the motion using

the motorcycle-rider combination as the system. There are three phases of the motion: (1) Two tires

on the ramp, (2) One tire on the ramp, and finally (3) No tires on the ramp.

. Bonus

B2. What song was played at Jefferson Davis’ inauguration?



ARTICLE 4 PROBLEMS

Difference Between Analytic and Numerical Solutions.

=1—-e-T: « Analvtic solution for linear retarding
force
et~ ) < Analvtic solution for quadratic
el 4 1) retarding force
(c, — ul.; . .
= « Difference, linear case
-

!

!

{u 1 » .
AuQ), = =y « Difference, guadratic case

,;

PROBLEMS

Find the velocity v and the position x as functions of the time ¢ for a particle of mass m,
whicli starts from rest at v = 0 and ¢ = 0, subject to the following force functions:

(a) F.=F,+ct

(b) F = F,sinct

(€) F, =F,e

where F, and ¢ are positive constants.

Find the velocity ¥ as a function of the displacement v for a particle of mass m, which
starts from rest at x = 0, subject to the following force functions:

(a) F.=F,+

(b) F,=Fe

(¢} F,=F,coscx

where F and ¢ are posttive constants

Find the potential energy function Vivi for each of the forces in Problem 2.2.

A particle of mass 11 is constrained to lie along a {rictionless, horizontal plane subject
to a force given by the expression Fivi = —kx It is projected from v = 0 to the right
along the positive v direction with initial kinetic energv I, = 1/2kA? k and A are posi-
tive constants. Find (a) the potential energy function Vix) for this force; (b) the kinetic
energy, and (c) the total energy of the particle as a function of its position. (d) Find the
turning points of the motion. (e) Sketch the potential, kinetic, and total energy func-
tions. {Optional: Use Mathcad or Mathematica to plot these functions. Set k and A
each equal to 1.)

As in the problem above, the particle is projected to the right with initial kinetic energy
T, but subject to a force Fix) = ~ky + kv */A%, where k and A are positive constants.
Find (a) the potential energy function V(v) for this force: (b) the kinetic energy, and
(c) the total energy of the particle as a function of its position. (d) Find the turning
points of the motion and the condition the total energy of the particle must satisfy if
its motion is to exhibit turning points. (e} Sketch the potential, kinetic, and total energy
functions. {Optional: Use Mathead or Mathematica to plot these functions. Set k and A
each equalto 1.

A particle of mass m moves along a trictionless, horizontal plane with a speed given by
vl = a/v, where v is its distance from the origin and & is a positive constant. Find the
force Fix) to which the particle is subject.
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Chapter2 NEWTONIAN MECHANICS. RECTILINEAR MOTION OF A PARTICLE

A block of mass M has a string of mass m attachied to it. A force F is applied to the
string, and it pulls the block up a frictionless plane that is inclined at an angle 6 to the
horizontal. Find the force that the string exerts on the block,
Given that the velocity of a particle in rectilinear motion varies with t

1e displacement x
according to the equation

f = hyd

where b is a positive constant, find the
(Hint: F = mi = mx dv/dy. )

A baseball (radius = 0366 m. mass = .143 kg is dropped from rest at the top of the
Empire State Building theight = 1250 ft). Calculate (a) the initial potential energy of
the baseball, (b) its final kinetic energy, and {c) the total energy dissipated by the falling
baseball by computing the line integral of the force of air resistance along the baseball’s
total distance of fall. Compare this last result to the difference hetween the baseball's
initial potential energy and its final kinetic ene
tions when ecaluating the hyperbolic
integral. ;

force acting on the particle as a function of x.

rev CHint: In part ¢ make approxima-
functions obtained in carrying out the line
A block of wood is projected up an inclined plane with initial speed v, If the inclina-
tion of the plane is 30° and the coefficient of sliding friction u, = 0.1, find the tdtal
time for the block to return to the point of projection.

A metal block of mass m slides on a horizont
heavy oil so that the block suffers
the speed:

al surface that has been lubricated with
aviscous resistance that varies as the 372 power of

Fivw = —pp32

If the initial speed of the block is t,aty

= 0. show that the block cannot travel farther
than 2me J'2/e.

A gun is fired straight up. Assuming that the air drag on the bull

et varies quadratically
with speed, show that the speed varies witl

1 height according to the equations
L

2= gp 2k ;\—” tupreard motion

«
- f - Beh (downward motion,

in which A and B are constants of integration, g is the acceleration of gravity, and
k = c./mwhere ¢, is the drag constant and m is the mass of the bullet. (Note: v is
measured positive upward, and the gravitational
Use the above result to show that, when the hul

speed will be equal to the expression

force is assumed to be constant |
let hits the ground on its return. the

Lot
(v + ¢
in which ¢ is the initial upward speed and
Ue = imgic,)1? = terminal speed = (grk)i2

(This result allows one to find the fraction of the initia)

kinetic energy lost through air
friction.

e s p s
=
e

e
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he 3 214 A particie of mass m is released from rest

adistance b from a fixed origin of force that
to the E S attracts the particle according to the

inverse square law:
E Fixi = —fy—2
snient x b

Show that the time required tor the particle to reach the origin is

__(m/)" '
i Sk /

of x. ; ] i o k
1 Show that the terminal speed of a fall

ing spherical object is given by

f the o= mgiey s + e /20,02]12 (/205!

oy of . ‘ . .

“tg i . when both the linear and the guadratic terms in the drag force are taken into account.
= talling ; 3 :

Use the above result to ¢
andd diameter 10
Fqation 2.4.10.
Given: The force acting on a particle is t]
bction of the velocitv: Py v

seballs

alculate the terminal speed of a soap bubble of mass 10—~ kg
ball’s

i Compare vour value with the value obtained by using
xima- N . . .

1e product of a function of the distance and a
= frogivh Show that the differential equation of mo-

" : ~ tion can be sohved by integration. If the force is a product of a function of distance and
‘nna- / . : s : ) . . . . S

i a function of time. can the equation of motion be solved by simple integration® Can it
it E: . &

he solved if the force is

aproduct of a function of time and a function of velocity?
The force acting on a p

article of mass m is given by

F = kex
inwhich & is a positive constant. The particle y
thne # = 0. Find x as a function of ¢

vith a
rof

vasses through the origin with speed ¢, at

A surlace-going projectile is Lumched hm‘imntzl”y on the
ship.withy initial speed v, Assime that its ]
varetwrding force given v Fie = —qeer (@) Find its speed as a function of time.,
v Find (b) the time elapsed and (e) the distance traveled when the projectile finallv
comes to rest. A and o are positive constants.

Asstne that a water droplet falling thoueh a humid atmosphere gathers up niass at a
rate that is proportional to its cross-sectional area A Assume that the droplet starts
frow rest and that its inftial racing R, is so small that it suffers no resistive force. Show
that (a) its radivs and (b) ity speed increase linearh-with time.

ocean from a stationarv war-
uther

bropulsion svstem has failed and it is slowed

icallv

COMPUTER PROBLEMS

he : : C 2.1 A parachutist of mass 70 kg jumps from
surface of the Earth. Unfortunately. the
parts. neglect horizontal motion and ass

a plane at an altitude of 32 km above the
parachute fails to open. (In the following
ume that the initial velocity is zero.)

(a)  Calculate the time of fall taccurate to 1 s) until ground impact, given no air resis-
tance and a constant value of I8

(b) Calculate the time of fall faccurate to 1s)

until ground impact, given constant g
and  force of air resistance given by

. : Fur = ~cytlel
1air

where ¢, is 0.3 in ST units for a falling man and is constant.
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