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I. PROBLEMAS DA LISTA

1. Fio infinito de massa. Um fio infinito de densidade linear de massa µ se encontra no eixo z. a)

Calcule a força gravitacional ~F sobre uma massa pontual m a uma distância ρ do eixo z. b) Verifique que

∇ × ~F = 0. (Dica: use o rotacional em coordenadas ciĺındricas.) d) Ache a energia potencial gravitacional
U correspondente.

2. Oscilador harmônico. Considere uma massa pontual m na ponta de uma mola de constante
elástica k. A massa está livre para oscilar no eixo horizontal x, e o ponto de repouso do sistema mola-massa
está na origem (logo, a energia potencial elástica é U = 1

2kx
2). No instante t = 0 damos uma pancada na

massa, fazendo com que ela se desloque para a direita até o ponto x = A, onde ela para e começa a retornar,
oscilando em torno da origem.
a) Escreva a equação de conservação de energia e a resolva para obter a velocidade ẋ da massa em termos
da posição x e da energia mecânica total E.
b) Mostre que E = 1

2kA
2 e use isso para eliminar E da expressão para ẋ no item a). Use t =

∫
dx′/ẋ(x′)

para achar o tempo que a massa leva para ir da origem até um ponto x.
c) Use o resultado de b) acima para encontrar x(t).

3. Pêndulo e energia. Vamos discutir o problema do pêndulo simples usando energia. O pêndulo
é formado por uma part́ıcula de massa m presa na ponta de uma vareta de comprimento L e massa
despreźıvel. A outra ponta da vareta está presa ao teto por uma articulação que permite que ela se mova
livremente num plano vertical. A posição do pêndulo pode ser dada pelo ângulo φ feito pela vareta em
relação à posição vertical de equiĺıbrio (veja a figura 1).

a) Prove que a energia potencial (gravitacional) do pêndulo é dada por

U(φ) = mgL(1− cosφ), (1)

onde o zero de potencial é a altura da massa no equiĺıbrio.
b) Escreva a expressão para a energia total E como função de φ e φ̇. Derive essa expressão em relação ao

tempo, e mostre que você obtém a equação do movimento, que também pode ser obtida a partir de ~Γ = I~α
(onde Γ é o torque, I é o momento de inércia e α é a aceleração angular φ̈).
c) Assuma que o ângulo φ permanece pequeno durante todo o movimento. Nessa aproximação, encontre

φ(t) e mostre que o movimento é periódico com peŕıodo τ0 = 2π
√
L/g.

4. Equiĺıbrio. Uma bola de metal de massa m está transpassada por uma haste ŕıgida metálica
vertical, e pode correr para cima e para baixo nessa haste. Uma corda de massa despreźıvel e comprimento
L está presa à bola, passando por uma polia e presa a uma massa M . As posições do sistema bola/massaProblems for Chapter 4  155 

Figure 4.26 Problem 4.34 

4.31 * (a) Write down the total energy E of the two masses in the Atwood machine of Figure 4.15 in 
terms of the coordinate x and x. (b) Show (what is true for any conservative one-dimensional system) 
that you can obtain the equation of motion for the coordinate x by differentiating the equation E = 
const. Check that the equation of motion is the same as you would obtain by applying Newton's second 
law to each mass and eliminating the unknown tension from the two resulting equations. 

4.32 ** Consider the bead of Figure 4.13 threaded on a curved rigid wire. The bead's position is 
specified by its distance s, measured along the wire from the origin. (a) Prove that the bead's speed v is 
just v (Write v in terms of its components, dx/dt, etc., and find its magnitude using Pythagoras's 
theorem.) (b) Prove that m's' = Ftang ,  the tangential component of the net force on the bead. (One way 
to do this is to take the time derivative of the equation v 2  = v • v. The left side should lead you to :5' and 
the right to Ftang .) (c) One force on the bead is the normal force N of the wire (which constrains the 
bead to stay on the wire). If we assume that all other forces (gravity, etc.) are conservative, then their 
resultant can be derived from a potential energy U. Prove that Ftang  = —dU Ids. This shows that one-
dimensional systems of this type can be treated just like linear systems, with x replaced by s and Fx  
by Ftang• 

4.33 ** [Computer] (a) Verify the expression (4.59) for the potential energy of the cube balanced on 
a cylinder in Example 4.7 (page 130). (b) Make plots of U(8) for b = 0.9r and b = 1.1r. (You may as 
well choose units such that r, m, and g are all equal to 1.) (c) Use your plots to confirm the findings 
of Example 4.7 concerning the stability of the equilibrium at 0 = 0. Are there any other equilibrium 
points and are they stable? 

4.34 ** An interesting one-dimensional system is the simple pendulum, consisting of a point mass m, 
fixed to the end of a massless rod (length 1), whose other end is pivoted from the ceiling to let it swing 
freely in a vertical plane, as shown in Figure 4.26. The pendulum's position can be specified by its angle 
0 from the equilibrium position. (It could equally be specified by its distance s from equilibrium —
indeed s = 10—but the angle is a little more convenient.) (a) Prove that the pendulum's potential energy 
(measured from the equilibrium level) is 

U(0) = mgl(1 — cos 0).  (4.101) 

Write down the total energy E as a function of 0 and 0. (b) Show that by differentiating your expression 
for E with respect to t you can get the equation of motion for 0 and that the equation of motion is just 
the familiar F = /a (where F is the torque, I is the moment of inertia, and a is the angular acceleration 
0). (c) Assuming that the angle 0 remains small throughout the motion, solve for 0 (t) and show that 
the motion is periodic with period 

to  = 270 / g.  (4.102) 

FIG. 1: Pêndulo simples
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(The subscript "o" is to emphasize that this is the period for small oscillations.) 

4.35 ** Consider the Atwood machine of Figure 4.15, but suppose that the pulley has radius R and 
moment of inertia I. (a) Write down the total energy of the two masses and the pulley in terms of the 
coordinate x and I. (Remember that the kinetic energy of a spinning wheel is i  ho2 .) (b) Show (what 
is true for any conservative one-dimensional system) that you can obtain the equation of motion for the 
coordinate x by differentiating the equation E = const. Check that the equation of motion is the same 
as you would obtain by applying Newton's second law separately to the two masses and the pulley, and 
then eliminating the two unknown tensions from the three resulting equations. 

4.36 ** A metal ball (mass m) with a hole through it is threaded on a frictionless vertical rod. A 
massless string (length 1) attached to the ball runs over a massless, frictionless pulley and supports a 
block of mass M, as shown in Figure 4.27. The positions of the two masses can be specified by the 
one angle 9. (a) Write down the potential energy U(9). (The PE is given easily in terms of the heights 
shown as h and H. Eliminate these two variables in favor of 9 and the constants b and 1. Assume that 
the pulley and ball have negligible size.) (b) By differentiating U(0) find whether the system has an 
equilibrium position, and for what values of m and M equilibrium can occur. Discuss the stability of 
any equilibrium positions. 

4.37 *** [Computer] Figure 4.28 shows a massless wheel of radius R, mounted on a frictionless, 
horizontal axle. A point mass M is glued to the edge of the wheel, and a mass m hangs from a string 
wrapped around the perimeter of the wheel. (a) Write down the total PE of the two masses as a function 
of the angle 0. (b) Use this to find the values of m and M for which there are any positions of equilibrium 
Describe the equilibrium positions, discuss their stability, and explain your answers in terms of torques. 
(c) Plot U (0) for the cases that m = 0.7M and m = 0.8M, and use your graphs to describe the behavior 
of the system if I release it from rest at 0 = 0. (d) Find the critical value of m/M on one side of which 
the system oscillates and on the other side of which it does not (if released from rest at 0 = 0). 

4.38 *** [Computer] Consider the simple pendulum of Problem 4.34. You can get an expression for 
the pendulum's period (good for large oscillations as well as small) using the method discussed in 
connection with (4.57), as follows: (a) Using (4.101) for the PE, find 0 as a function of 0. Next use 
(4.57), in the form t = f d04, to write the time for the pendulum to travel from 0 = 0 to its maximum 
value (the amplitude) O. Because this time is a quarter of the period t, you can now write down the 
period. Show that 

FIG. 2: Equiĺıbrio.

podem ser descritas pelo ângulo θ, veja a figura 2.

a) Escreva uma expressão para a energia potencial gravitacional U(θ). Escreva U(θ) como função de
θ, b e L somente, assumindo que a bola e a massa têm tamanho despreźıvel.
b) Derive U(θ) para encontrar a posição de equiĺıbrio do sistema. Discuta a estabilidade do equiĺıbrio.

5. Colisão inelástica. Uma part́ıcula de massa m1 e velocidade v1 colide com uma segunda part́ıcula de
massa m2 e inicialmente em repouso. A colisão é perfeitamente inelástica, ou seja, as duas part́ıculas se
grudam depois da colisão, andando juntas com uma mesma velocidade v. Que fração da energia cinética
inicial é perdida na colisão? Analise os casos-limite m1 � m2 e m2 � m1.

II. OUTROS PROBLEMAS RECOMENDADOS

Taylor 4.12, 4.20, 4.30, 4.35, 4.47, 4.49, 4.53.


