33-231 Physical Analysis Fall 2003

Problem Solutions. Set 4 (September 24, 2003)

15. a) k =

\P_ 480 N/M _ yo0st t=Wo —0637Hz, T=2=157s
0.300 kg 2p f

¢  x =00300m, v,=0160 nys.

2 2
A= x +(V°J - \/(0.0300 m)? + (Mj - 0.0500m.

W, 4.00s
. - - 0.160
j = arctan Yo | = arct — /s = -531° = -0927 rad.
W, X, (4.00 s *)(0.0300 m)
Energy = 4mv,” + 4 k¢

1 (0300 kg)(0.160 m/s)® + £ (480 N/m)(0.0300 m)®> = 000600 J.

d) Yes with very little effort. The force required on each end is
F = (4.80 N/m)(0.0300 m) =0.144 N =0.0323 b = about 0.5 oz..

€) X = (00500 m) cos[(4.00 sHt - 0.927]. Compare the graph of this
function withthegraphof x = (00500 m) cos[(4.00 s‘l)t].

2
16. @ V:Vo[a_Z_ i) =T (x - 2a)% - 1\(;03()(' 2a)°+ oo
a

N 4 16a°

2a° a kY 5
F=V,|—&%-—|=- X-2a) + —2(x- 2a
O( x3 ij 8a 2( ) 16a3( )

Force constant = k = V—

\f \/ >00J _=0559 s, T7=2P 112
sma’  /8(0.500 kg)(2.00 m) W,

b) When the second term in the seriesfor F 1s0.10 times the first term,

V
0 = +(010)—% (x- 2a), and x @2a*007a.
6’ ( )8a2( )
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17. 8 F =V, [2a3 12] V, =500J, a=200m, m=0500kg,

X X
F=g2 =4, Vv, =01
- —S-X— (5)dt2 X =4 Vo= 0

b) with(plots, odeplot); F ;= 5*(8/x"3 - 2/x"2);
diffeq := F = (0.5)*diff(x(t), t$2);
initl := x(0) = 4; init2 := D(x)(0) = 0.1,
sol :=dsolve({diffeq, initl, init2}, x(t), numeric);
odeplot(sol, [t, x(t)], 0..15);

. 15%-
4.1%-
4.05%-
a

Period appearsto beabout 11s; theresult from Problem 16(a) is 11.2s.

C) Vo = 05 T=122 Vo = 10, T=16 Vo = 15 T=28

Ostillations become more conspicuoudy asymmetric as Vo, increases.

d) From Problem 14(e), at equilibrium V(x) = - 7 =-125J Forthepaticle
to escape from the well, its kinetic energy at this point must be at least 1.25 J.

1 Y/ \/
Thus = MV..* = 2, =2236m/s
2 % 4 Vesc J 2(0.5 kg)
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- dx
18. @ Fromdassdiscusson, T = «/Zm‘[ —_—.
xmn A/E - V(X)

numerical vaues from Problem 14(c,d):

Usng V(x) and

V = 5*(4/x"2 - 2IX);
T = sqrt(2*0.5)*evalf(int(1/(-1 - V)(1/2), x = 2.764..7.236));

Maple numericd integration gives T=15.6 s.
b) Atequilibriumpoint, V(x) =-1.25J and E=-1J, sothekinetic energy is

%m\/2 = %(0.5 kgv>* =025J, or v=1 m/s.

¢) From Problem 17(c), when v, = 1 Vs, the estimated period is 16 s; reasonably
good agreement (within precison of estimate from graph).
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19. &  V(X) = k[«/ 12 + x? - LT.

Zk(«/ L2 + x? - L)x

L2 + X2

b) F(x) = -

k .
Q) F(X) = - ?X3+EX5+ ..+, The series has only odd powersof X, as
should be expected from the symmetry of the Stuation. The surpriseisthat there
iSno term containing x to the first power, so thereis no linear approximation to
F. Thismeansthat the motion is never smple harmonic, no maiter how smdl
the amplitude.

d?x
? =-x3 X(0) =0, x (0 =v,.

d)
with(plots, odeplot);
diffeq := diff(x(t), t$2) = -x"3;
initl := x(0) = 0; init2 := D(x)(0) = .1;
sol :=dsolve({diffeq, initl, init2}, x(t), numeric);
odeplot(sal, [t, x(t)], 0..25);

When vo=0.1, T=20; whenv, =1, T=6.3, etc. Period definitely

depends on amplitude. The graph of x(t) issmilar to asine curve but is more

peaked. To get the phase plot, replacethe 0deplot command above with
odeplot(sol, [x(t), diff(x(t), )], 0..25);

The phase plot isnot dliptica but is somewhat pumpkin-shaped.

0.05+




