33-231 Physical Analysis Fall 2003

Problems. Set 3 (due Wednesday, September 17, 2003)

11. a)

b)

If x isafunctionof t, usethe method of separation of variablesto solvethe
equation 3—1( = - X, withthecondition x(0) =1. Youshouldget x = €.

Use Euler's method, with astep size of 0.1, to compute valuesof x for the

range t =0 to 1, ingtepsof 0.1, usng Maple. Compare your values with those
obtained from the exact solutionin (a). Print out alist of the approximate and
exact values, and the corresponding vaues of t, using the command print.

What is the percent error in the Euler method result at t = 1.0?

Repeat part (b) withastep sizeof 0.02, and again find the percent error at
t =1. Note: You need atotal of 50 steps.  1t'sOK to display them dl, but you

don't need to. An optiona gimmick for displaying only the vaues youre
interested in isto replace the "print” statement with

if type(n/5, integer) then print(n*h, x[n], exp(-n*h));
end if:

End dl other Mgple satements (including end if and end do) with colons
ingtead of semicolons.

Tranglation: if n/5isan integer, then n isamultipleof 5 and t isamultiple of
0.1. Inthat case, Maple displays ("prints’) thevauesof t (=n" h) and x.
Otherwise it goes on to the next step inthe do loop. For additiona explanation,
consult the Maple hdp filesfor if, type, and print. (Thisextragimmick is
optional.)

12. This problem concerns ballistic trajectories with air resistance proportiona to v2,

i.e, the magnitude of theresgting forceis |F| = bv*~.

a)

b)

2

Obtain the differentid equationsfor x(t) and y(t), assuming as usud that X is
measured horizontally and y verticaly. You will first haveto express F in
termsof dx/dt and dy/dt, and then obtain expressonsfor the x and y

components of the air-resistance force. Be careful! Fy is not equa to -bv,”.
Instead, the correct expression is

v
F, = - =|F|= -bvyv = - by v,/ +v,2.
\'

Make sure you understand why thisis correct.

Write the gppropriate M gple statements to define the equations and the initial
conditions. For example, you could call the equations diffegx and diffeqy, and
theinitia conditions initl, init2, init3, and init4. Or whatever.

(continued)
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12. (continued)

c) Assumetha a time t = 0 the object is at the origin and has velocity components
vx0=10m/s and vyo =20 m/s. Assuming no ar resstance, (i.e, b=0), use
Mapletofind x and y asfunctionsof time, and determine the maximum
height, the horizontal range, and the total timein flight. Plot a graph of the
trgectory, usng Maple. Note: It iseasest to use the parametric form of the
Maple plot command, whichis plot([x, y, t = 0..4]); Check whether the graph
seems congstent with your results

d) Now supposethereisair resstance, with b =2 kg/m, m =80 kg, and
g =10 m/s?. With the sameinitia conditionsasin (b), use Mapleto obtain
agraph of thetrgectory. The equations can't be solved in closed form, so you
haveto usethe numeric optionin dsolve. Theresult isa procedure for
computing valuesof x and y forany given t.

To plot numerica solutions of differentid equations, you can use the command
odeplot. Fird load thisby usng with (plots, odeplot); Thenif the solution is
named sol, use odeplot(sol, [x(t), y(t)], 0..4); (Note: Mapletreatsx(t) and
y(t) asfunctions, not expressions, sotherangefor t is 0..4, not t=0..4.)
Once you get thisworking, you can experiment with different vaues of b.

13. Some bassbdl players (and fans) daim that it is easier to hit ahome run in Denver
than in Aittsburgh. Y ou are asked to carry out an analyss that will support or refute
thisdam.

Here are afew suggestions The bdl fidds may have different dimengons, but
assume they areidentical in shape and size. The dominant influences on the bal's
flight are gravity and air resstance. For the range of speedsinvolved here, it is
reasonable to assume that the magnitude of the air-resistance force is proportiona to
v2. Theandysisin Problems 10 and 12 is directly relevant. Ignore all effects that
depend on the spin of the ball.

Here are afew numbers. According to the officia rules, the weight of abasebdl is
between 5 and 5 1/4 ounces, and its circumference isbetween 9 and 9 1/4
inches. The average density of air when the temperatureis 68°F (= 20°C) is about
1.18 kg/m?® in Pittsburgh and about 0.98 kg/nT in Denver. The drag coefficient D
for aperfectly smooth sphereis 0.44; for abasebal it is probably about 0.5.
Evaduate the congant b using the same andysis asin Problem 10; your result

should be somewhere around b = 0.001 kg/m. (If you get something grosdy
different from this, youve made amistake. Check your arithmetic and unit
conversons.)
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14. A paticlewith mass m moves dong the postive haf of the x axis; its potentid

a2

enagy isgivenasafunctionof x by V(X) :V"(?_ %j where V,

and a arepogtive congants.

a)
b)

c)

d)

Derive an expresson for the force acting on the particle, asafunction of x.

Show that there is one stable equilibrium point, and derive an expresson for
its pogition.

If Vo=5.00J a=200m, and m=0.500kg, use Mapleto plot graphs of
V and F asfunctionsof x. Adjust the vertica range so you can seethe
behavior of the functionsin therange x =2to 10 m.

If thetotd energy is - 1.00 J, find the maximum and minimum vauesof X,
using the Maple fsolve command. To get both vaues you may have to specify
ranges for the values of x.

If the particleis at rest a the equilibrium postion and is then given avelocity
with magnitude v, inthe+x direction, find the minimum value of v, for which
the particle can go indefinitdy far inthe +x direction. Would your result be
different if the particle were given aveocity with megnitudev, inthe - x
direction?



