ARTICLE . PROBLEMS

Difference Between Analytic and Numerical Solutions.

1 —-e T ¢ Analytic solution for linear retarding
force
h- 1) <= Analytic solution for quadratic
2T+ 1) retarding force

(v, — ul; N )
— ¢ Difference, linear case

« Difference, quadratic case

PROBLEMS

Find the velocity ¢ and the position v as functions of the time ¢ for a particle of mass m,
which 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 pusitive constants.

Find the velocity ¥ as a function of the displacement x for a particle of mass 1, which
starts from rest at x = 0, subject to the following force functions:

(a) F =F,+cx

(b) F, = Fye

(e) F, =F,coscx

where F,, and ¢ are positive constants.

Find the potential energy function Vv’ for each of the forces in Problem 2.2,

A particle of mass m is constrained to lie along a frictionless, horizontal plane subject
to a force given by the expression Fixd = —ky. It is projected from x = 0 to the right
along the positive v direction with initial kinetic energy T, = 1/2 kA2 & and A are posi-
tive constants. Find (a) the potential energy function Vix) for this force: (b) the kinetic
energy. and (e) 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 + kv3/A2, where k and A are positive constants.
Find (a) the potential energy function V{x) 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 energv
functions. (Optional: Use Mathead or Mathematica to plot these functions. Set k and A
each equal to 1.

A particle of mass m moves along a frictionless, horizontal plane with a speed given bv
vl = a/v, where x is its distance from the origin and e is a positive constant. Find the
force Fixi to which the particle is subject.
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Chapter 2 NEWTONIAN MECHANICS RECTILINEAR MOTION OF A PARTICLE

A block of mass M has 2 string of mass m attached 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 velocitv of a particle in rectilinear motion varies with the displacement x
according to the equation

= by 3

where b is a positive constant, find the force acting on the particle as a function of x.
(Hint: F = m{ = mx dv/dx.)

A baseball (radius = .0366 m. mass = .145 kg) is dropped from rest at the top of the
Empire State Building (height = 1250 ft}. Calculate (a) the initial potential energy of
the baseball, (b) its final kinetic energy, and (e} the total energy dissipated by the falling
baseball by computing the line integral of the force of air resistance along the baseballs
total distance of fall. Compare this last result to the difference between the baseballs
initial potential energv and its final kinetic energv. { Hint: In part i1 make approvima-
tions when evaluating the Iyperbolic functions obtained in carrying out the line
integral.;

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 . = 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 horizontal surface that has been lubricated with a
heavy oil so that the block suffers a viscous resistance that varies as the 3/2 power of

the speed:

—cr 5.2

Firo =
If the initial speed of the block is v, at x = 0. show that the block cannot travel farther
than 2me }2/c.
A gun is fired straight up. Assuming that the air drag on the bullet varies quadratically
with speed, show that the speed varies with height according to the equations

I

k

1r

2 = Ap2k tupard motion

u([()(("llL‘(Il'(/ motion

in which A and B are constants of integration, g is the acceleration of gravity, and
k = cy/m where ¢, is the drag constant and m is the mass of the bullet. (Note: v is
measured positive upward, and the gravitational force is assumed to be constant.)
Use the above result to show that, when the bullet hits the ground on its return. the
speed will be equal to the expression
Loly
(v + iz

in which ¢ is the initial upward speed and
v, = (mgic, )1 = terminal speed = (g/k )12

{This result allows one to find the fraction of the initial kinetic energy lost through air
friction.)
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2.1

A particle of mass m is released from rest a distance b from a fixed origin of force that
attracts the particle according to the inverse square law:

Fixt = ~ky 2

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

NG
(m/) 3
i ’S/\_

Show that the terminal speed of a falling spherical object is given by
v,= limgicy +

when both the linear and the quadratic terms in the drag force are taken into account.
Use the above result to caleulate the terminal speed of a soap bubble of mass 107 kg
ad diameter 10 29, Compare vour value with the value obtained by using
Eqguation 2.4.10.
Given: The foree acting on a particle is the product of a function of the distance and a
tnction of the velocity: Fix v = fivigieh. Show that the differcntial equation of mo-
tion can be sohed by integration. If the force is a product of a function of distance and
a function of time, can the equation of motion be solved by simple integration? Can it
be solved if the torce is a product of a function of time and a function of velocity?
The torce acting on a particle of mass m is given by

F = kex
inwhich & is a positive constant. The particle passes through the origin with speed ¢, at
time = 0. Find v as 2 function of ¢,
A surtace-going projectile is launched horizontallv on the ocean from u stationary war-
ship. with initial speed v, Assume that its propulsion svstem has failed and it is slowed
bvaretarding foree given by Firs = —qpet (a) Find its specd as a function of time,
vt Find (b)Y the time elapsed and (¢) the distance traveled when the projectile finally
conies to rest. A and a are positive constants.
Assumie that wwater droplet falling though a humid atmosphere gathers up rass at a
rate thiat is proportional to its cross=sectional area A Assume that the droplet starts
frow rest and that its initial radius R, s so small that it suffers no resistive foree. Show
that (a) its radins and (b) its speed increase linearhwith time.

COMPUTER PROBLEMS

A parachutist of muass 70 kg jumps from a plane at an altitude of 32 km above the
surface of the Earth. Unfortunately, the parachute fails to open. {In the following
parts. neglect horizontal motion and assume that the initial velocity is zero.)

(a) Calculate the time of fall iaccurate to 1 5 until ground impact, given no air resis-
tance and a constant value of g,

(b} Calculate the time of fall ; accurate to 1 s) until ground impact. given constant g
and a force of air resistance given by

Fier = —c el

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