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LISTA 1

1. (a) Como que a velocidade das ondas mecânicas que se propagam no interior de um fluido deve
depender de sua densidade, ρ, e de seu módulo de compressão volumétrico (”bulk modulus”em
inglês), B (que tem unidades de pressão, ou seja, força sobre área)?
(b) Como que a velocidade das ondas transversais em uma corda deve depender de sua massa M ,
comprimento L e tensão (isto é, força) T?

2. Considere uma estrela vibrante, cuja frequência ν pode depender (no máximo) de seu raio R,
densidade ρ, e da constante da gravitação universal G. Como ν depende de R, ρ, e G?
(Estamos aqui supondo que a massa da estrela é grande o suficiente para podermos desprezar a
tensão superficial).

3. Uma part́ıcula de massa m e velocidade inicial v0 está sujeita unicamente a uma força de arrasto
da forma bvn. (a) Para n = 0, determine como o tempo que a part́ıcula leva para parar depende
de m, v0 e b. (b) Faça o mesmo para a distância percorrida até a part́ıcula parar. (c) Como seriam
suas expressões para um n qualquer? Verifique se elas valem para qualquer valor de n. (Sugestão:
pense em como deve ser a dependência do seu resultado para diferentes velocidades iniciais: ele
deve crescer, diminuir ou não depender de v0?).
Lembre-se que a análise dimensional mostra como deve ser a forma do resultado, exceto por
eventuais fatores numéricos (que podem ser muito importantes). Este problema não é tão simples
quanto parece, e não o deve desencorajar a usar a análise dimensional.

4. Uma pessoa joga uma bola com velocidade v do alto de um penhasco de altura h e fazendo com
a horizontal um ângulo que ela escolha para conseguir o maior alcance posśıvel. Supondo que uma
das seguintes quantidades seja o alcance máximo horizontal atingido pela bola, qual é o correto?
(Não resolva o problema, apenas verifique alguns casos especiais.)
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1.6. EXERCISES I-15

1.14. Cone frustum *

A cone frustum has base radius b, top radius a, and height h, as shown in Fig. 1.8.
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Figure 1.8
Assuming that one of the following quantities is the volume of the frustum, which one
is it? (Don’t solve the problem from scratch, just check special cases.)
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1.15. Landing at the corner *

A ball is thrown at an angle θ up to the top of a cliff of height L, from a point a
distance L from the base, as shown in Fig. 1.9. Assuming that one of the following
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quantities is the initial speed required to make the ball hit right at the edge of the
cliff, which one is it? (Don’t solve the problem from scratch, just check special cases.)
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1.16. Projectile with drag **

Consider a projectile subject to a drag force F = −mαv. If it is fired with speed v0

at an angle θ, it can be shown that the height as a function of time is given by (just
accept this here; it’s one of the tasks of Exercise 3.53)
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Show that this reduces to the usual projectile expression, y(t) = (v0 sin θ)t− gt2/2, in
the limit of small α. What exactly is meant by “small α”?

Section 1.4: Solving differential equations numerically

1.17. Pendulum **

A pendulum of length $ is released from the horizontal position. It can be shown that
the tangential F = ma equation is (where θ is measured with respect to the vertical)

θ̈ = −g sin θ

$
. (1.23)

If $ = 1m, and g = 9.8m/s2, write a program to show that the time it takes the
pendulum to swing down through the vertical position is t ≈ 0.592 s. This happens
to be about 1.18 times the (π/2)

√
$/g ≈ 0.502 s it would take the pendulum to swing

down if it were released from very close to the vertical (this is 1/4 of the standard
period of 2π

√
$/g for a pendulum). It also happens to be about 1.31 times the√

2$/g ≈ 0.452 s it would take a mass to simply freefall a height $.

1.18. Distance with damping **

A mass is subject to a damping force proportional to its velocity, which means that
the equation of motion takes the form ẍ = −Aẋ, where A is some constant. If the
initial speed is 2 m/s, and if A = 1 s−1, how far has the mass traveled at 1 s? 10 s?
100 s? You should find that the distance approaches a limiting value.

Now assume that that mass is subject to a damping force proportional to the square of
its velocity, which means that the equation of motion now takes the form ẍ = −Aẋ2,
where A is some constant. If the initial speed is 2 m/s, and if A = 1m−1, how far
has the mass traveled at 1 s? 10 s? 100 s? How about some larger powers of 10? You
should find that the distance keeps growing, but slowly like the log of t. (The results
for these two forms of the damping are consistent with the results of Problem 1.5.)

Figura 1: Tronco de cone.

5. Um tronco de cone tem raio da base b, raio do topo
a, e altura h, como mostrado na Fig. 1. Supondo que
uma das seguintes quantidades é o volume do tronco, qual é
esta quantidade? (Não resolva o problema, apenas verifique
casos especiais. Lembre-se que o volume de um cone é 1/3
do produto da área da base pela altura)
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A ball is thrown at an angle θ up to the top of a cliff of height L, from a point a
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quantities is the initial speed required to make the ball hit right at the edge of the
cliff, which one is it? (Don’t solve the problem from scratch, just check special cases.)
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1.16. Projectile with drag **

Consider a projectile subject to a drag force F = −mαv. If it is fired with speed v0

at an angle θ, it can be shown that the height as a function of time is given by (just
accept this here; it’s one of the tasks of Exercise 3.53)
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Show that this reduces to the usual projectile expression, y(t) = (v0 sin θ)t− gt2/2, in
the limit of small α. What exactly is meant by “small α”?

Section 1.4: Solving differential equations numerically

1.17. Pendulum **

A pendulum of length $ is released from the horizontal position. It can be shown that
the tangential F = ma equation is (where θ is measured with respect to the vertical)

θ̈ = −g sin θ

$
. (1.23)

If $ = 1m, and g = 9.8m/s2, write a program to show that the time it takes the
pendulum to swing down through the vertical position is t ≈ 0.592 s. This happens
to be about 1.18 times the (π/2)
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1.18. Distance with damping **

A mass is subject to a damping force proportional to its velocity, which means that
the equation of motion takes the form ẍ = −Aẋ, where A is some constant. If the
initial speed is 2 m/s, and if A = 1 s−1, how far has the mass traveled at 1 s? 10 s?
100 s? You should find that the distance approaches a limiting value.

Now assume that that mass is subject to a damping force proportional to the square of
its velocity, which means that the equation of motion now takes the form ẍ = −Aẋ2,
where A is some constant. If the initial speed is 2 m/s, and if A = 1m−1, how far
has the mass traveled at 1 s? 10 s? 100 s? How about some larger powers of 10? You
should find that the distance keeps growing, but slowly like the log of t. (The results
for these two forms of the damping are consistent with the results of Problem 1.5.)

Figura 2: Projétil

6. Uma bola é jogada para o alto de uma parede de altura L
de uma distância L de sua base, com sua velocidade inicial
fazendo um ângulo θ com a horizontal (como mostrado na
Fig. 2). Supondo que uma das seguintes quantidades é a
velocidade inicial necessária para a bola acertar exatamente
a quina da parede, qual é esta quantidade? (Não resolva o
problema, apenas verifique casos especiais.)
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