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PHYS2330 Intermediate Mechanics Quiz 13 Sept 2010

This is a closed book quiz! Write the best choice in the space next to the question.

1. An object is tossed vertically upward through the air and experiences a linear
drag force. Which of the following best describes the magnitude of its acceleration
when it reaches its highest point?

A. 0

B. g

C. > g

D. < g

E. You need to know the value of the drag coefficient to choose from the above.

2. An asteroid moves in an elongated elliptical orbit around the sun, its farthest
distance being twice that of its nearest distance. If its speed at the farthest distance
is v, then its speed at the nearest distance is

A. v/4

B. v/2

C. v

D. 2v

E. 4v

3. A 4 kg mass is attached to a spring with stiffness constant k = 100 N/m. The
mass is also subject to a linear drag force, with drag coefficient b = 32 N/(m/sec). At
what (angular) frequency does this system oscillate?

A. 2/sec

B. 3/sec

C. 4/sec

D. 5/sec

E. 6/sec
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This is a closed book quiz! Write the best choice in the space next to the question.

1. A system consists of two masses and three springs. It moves in one dimension.
The masses are connected to each other by a spring, and each mass is connected to
a separate fixed point by another spring. If the motion is to be described by a single
frequency, how many different frequencies will make such motion possible?

A. One.

B. Two.

C. Three.

D. Four.

E. Five.

2. Which of the following fields can represent a conservative force?

A. F(x, y) = xx̂ + yŷ

B. F(x, y) = yx̂ + xŷ

C. F(x, y) = yx̂− xŷ
D. F(x, y) = xyx̂ + yŷ

E. F(x, y) = xyx̂

3. A potential energy function in one dimension is given by U(x) = U0(4x
3 − 3x2)

where U0 is a constant. Which of the following correctly describes the resulting force?

A. 6U0(2x
2 − x)

B. −6U0(2x
2 − x)

C. U0(x
4 − x3)

D. −U0(x
4 − x3)

E. U0(x
4 − x3) + k where k is the force at x = 0.
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This is a closed book quiz! Write the best choice in the space next to the question.

1. A mass m is connected to a single spring with stiffness k and moves in one di-
mension x. The Lagrangian is

A. 1
2
mx2 + 1

2
kẋ2

B. 1
2
mẋ2 − 1

2
kẋ2

C. 1
2
mẋ2 + 1

2
kx2

D. 1
2
mẋ2 − 1

2
kx2

E. 1
2
mẋ2 + 1

2
kẋ2

2. A mass m is connected to a single spring with stiffness k and moves in one di-
mension x. The Hamiltonian is

A. 1
2
mx2 + 1

2
kẋ2

B. 1
2
mẋ2 − 1

2
kẋ2

C. 1
2
mẋ2 + 1

2
kx2

D. 1
2
mẋ2 − 1

2
kx2

E. 1
2
mẋ2 + 1

2
kẋ2

3. A mass m is connected to a single spring with stiffness k and moves in one di-
mension x. The generalized momentum corresponding to the coordinate x is

A. mx

B. mẋ

C. mẍ

D. kx

E. kẋ
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This is a closed book quiz! Write the best choice in the space next to the question.

1. The eigenvalues of the matrix

[
2 1
1 2

]
are

A. 0 and 1

B. 0 and 2

C. 1 and 2

D. 1 and 3

E. 2 and 3

2. The Lagrangian of a system undergoing small oscillations is L = 1
2
q̇T Mq̇− 1

2
qT Kq

where q is the (column) vector of generalized coordinates, and M and K are square
matrices. Which equation of motion follows from this Lagrangian?

A. Mq̇− Kq = 0

B. Mq̇ + Kq = 0

C. Mq̈− Kq = 0

D. Mq̈ + Kq = 0

E. Mq̈− Kq̇ = 0

3. A particle of mass m moves in the vertical direction y near the Earth’s surface,
only under the influence of gravity. The Lagrangian is

A. 1
2
mẏ2 −mgy

B. 1
2
mẏ2 +mgy

C. 1
2
mẏ2 − 1

2
gy2

D. 1
2
mẏ2 + 1

2
gy2

E. 1
2
mẏ2 − 1

2
mgy2
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This is a closed book quiz! Write the best choice in the space next to the question.

1. An asteroid is in a circular orbit about the Sun. The radius of the orbit is about
four times the distance of the Earth to the Sun. How long does it take the asteroid to
complete one orbit?

A. Two years.

B. Four years.

C. Eight years.

D. Sixteen years.

E. Sixty-four years.

2. An asteroid is in an elliptical orbit about the Sun. The orbit has eccentricity ε.
The ratio of the perihelion (distance of closest approach to the sun) to the aphelion
(distance farthest away) is

A. ε

B. ε2

C. 1/ε

D. (1 + ε)/(1− ε)
E. (1− ε)/(1 + ε)

3. Two identical stars, each with the mass of our Sun, execute circular orbits about
their common center of mass. The distance between the stars is the same as the
distance from the Earth to the Sun. How many years does it take for one complete
revolution?

A. 1/2

B. 1/
√

2

C. 1

D.
√

2

E. 2
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This is a closed book quiz! Write the best choice in the space next to the question.

1. A pendulum bob hangs from a string in a laboratory in New York. The bob is
not moving. It hangs

A. directly towards the center of the Earth.

B. nearly towards the center of the Earth, but slightly north.

C. nearly towards the center of the Earth, but slightly south.

D. nearly towards the center of the Earth, but slightly east.

E. nearly towards the center of the Earth, but slightly west.

2. A train car moves in a straight line with velocity V and acceleration A as seen
by someone standing at the train station. An object with mass m inside the train car,
as seen by someone seated in the car, will experience what fictional force?

A. zero.

B. −mV

C. +mV

D. −mA

E. +mA

3. An asteroid executes a trajectory around the sun with zero total mechanical en-
ergy. The shape of the orbit is

A. a circle.

B. an ellipse.

C. a parabola.

D. a hyperbola.

E. a straight line.
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This is a closed book quiz! Write the best choice in the space next to the question.

1. For a given rigid body with angular momentum L and angular velocity ω, which
of the following is true?

A. L is always parallel to ω

B. L is always perpendicular ω

C. L is always antiparallel to ω

D. L is always at some oblique angle to ω

E. The angle between L and ω depends on the inertia tensor.

2. An object falls from a height of a few hundred meters to the surface of the Earth.
It strikes the ground a few centimeters away from the point at which a plumb bob
hangs if the experiment is done at middle latitudes, but there is no deflection at the
poles. This phenomenon is most directly due to the

A. gravitational force.

B. centrifugal force.

C. coriolis force.

D. strong force.

E. weak force.

3. The Atwood’s Machine below is made from two masses m1 and m2 connected by
a massless string of fixed length around a massless pulley:

x

The coordinate x measures the downward position of m1 as shown. The Lagrangian is

A. L = 1
2
(m1 +m2)ẋ

2 − (m1 +m2)gx

B. L = 1
2
(m1 +m2)ẋ

2 + (m1 +m2)gx

C. L = 1
2
(m1 +m2)ẋ

2 + (m1 −m2)gx

D. L = 1
2
(m1 −m2)ẋ

2 − (m1 +m2)gx

E. L = 1
2
(m1 −m2)ẋ

2 − (m1 −m2)gx
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This is a closed book quiz! Write the best choice in the space next to the question.

1. A particle of mass m moves in one dimension subject to a force F (t) = F0e
−bt. If

the particle velocity is v0 at time t = 0, what is the velocity v(t) as a function of time?

A. v(t) = v0e
−bt

B. v(t) = (v0/bm)e−bt

C. v(t) = (F0/bm)e−bt + v0

D. v(t) = (v0/bm)(1− e−bt)

E. v(t) = (F0/bm)(1− e−bt) + v0

2. A rigid body rotates with angular velocity ω = ωx̂ in a certain (x, y, z) coordinate
system. The moment-of-inertia tensor, as a matrix in the same coordinate system, is

I = mR2

 1 2 3
2 4 5
3 5 6


The angular momentum vector L is

A. mR2ωx̂

B. mR2ω(4ŷ + 6ẑ)

C. mR2ω(x̂ + 2ŷ + 3ẑ)

D. mR2ω(x̂ + 4ŷ + 6ẑ)

E. mR2ω(3x̂ + 5ŷ + 6ẑ)

3. To a very good approximation, the speed of light is one foot per nanosecond. In
a certain reference frame, event A occurs 5 feet away and 4 nanoseconds before event
B. In another reference frame, events A and B occur simultaneously. How far apart,
spatially, are they separated in the second reference frame?

A. 3 feet.

B. 4 feet.

C. 5 feet.

D. They happen at the same place.

E. In no reference frame can A and B occur simultaneously.
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This is a closed book quiz! Write the best choice in the space next to the question.

1. A thin circular hoop of mass M and radius R rolls without slipping on a horizontal
surface with speed v. Its kinetic energy is

A. Mv2/2

B. 3Mv2/4

C. Mv2

D. 5Mv2/4

E. 3Mv2/2

2. An object of massmmoves according to the HamiltonianH(x, p) = p2/2m+bx3/3.
The Hamiltonian equations of motion are

A. ẋ = bx2 and ṗ = bx3

B. ẋ = p/m and ṗ = −bx2

C. ẋ = −p/m and ṗ = bx2

D. ẋ = p/m and ṗ = bx3/3

E. ẋ = p/m and ṗ = −bx3/3

3. A simple pendulum is made from a bob of mass m hanging from a massless rod
of length `. It swings in a plane. If θ measures the angle from the vertical, and is used
as the generalized coordinate, the Lagrangian is

A. mθ̇2/2−mg` cos θ

B. m`2θ̇2/2−mg` cos θ

C. mθ̇2/2−mg`(1− cos θ)

D. m`2θ̇2/2−mg`(1− cos θ)

E. m`2θ̇2/2 +mg`(1− cos θ)
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This is a closed book quiz! Write the best choice in the space next to the question.

1. A car in a roller coaster passes over the highest point on the ride at a speed of
5 m/s. A rider in the car feels weightless at this instant. The radius of curvature of
the ride at this point is close to

A. 1 m

B. 2.5 m

C. 5 m

D. 10 m

E. 25 m

2. Three equal masses m are located at the corners of an equilateral triangle of side
length a. The moment of inertia for rotations about an axis perpendicular to the plane
of the triangle, and passing through one of the corners, is

A. ma2/3

B. 2ma2/3

C. ma2

D. 2ma2

E. 3ma2

3. A particle of mass m moves along the line y = ax. If the Lagrangian is expressed
in terms of a single degree of freedom x, then the momentum conjugate to x is

A. mẋ

B. maẋ

C. ma2ẋ

D. m(1 + a)ẋ

E. m(1 + a2)ẋ
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This is a closed book quiz! Write the best choice in the space next to the question.

1. A sound wave propagates in an inviscid fluid. Which of the following is not true?

A. The wave can have transverse components.

B. The wave can have longitudinal components.

C. The speed of the wave depends on the density of the fluid.

D. The speed of the wave depends on the bulk modulus of the fluid.

E. The wave consists of small deviations of pressure and density from equilibrium.

2. A column of water is ten meters high. The difference in pressure between the
bottom of the water column and the top is closest to which of the following? (The
density of water is 1000 kg/m3.)

A. zero.

B. 10 Pa

C. 103 Pa

D. 105 Pa

E. 107 Pa

3. In a certain coordinate system, the matrix representation of a stress tensor in a
continuous medium has Σxy = Σyx = σ while all other elements are zero. The force on
an area element dA lying in the xz plane is

A. zero.

B. σdAx̂

C. σdAŷ

D. σdAẑ

E. σdA(x̂ + ŷ)/
√

2


