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Some useful constants

Gas constant R = 8.314 J/mol-K Gravitational constant G = 6.68 X 107N - m?/kg?
Mass of Sun = 2.0 X 103%kg Mass of Earth = 6.0 X 10%*kg
Radius of Sun = 7.0 x 108m ' Radius of Earth = 6.4 X 10°m
Electron mass m, = 9.1 X 10‘31kg Electron charge e = 1.6 x 1071°C

Electric constant (permittivity) €, = 8. 85 x 10712C2/N - m?

Magnetic constant (permeability) o = 4w x 1077T - m/A

Planck’s constant h = 6.63 X 10734] - 5 leV = 1.6 X 10719
Boltzmann constant kg = 1.38 x 10723] - K1 |
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1. A 1.0 kg block is initially at rest on a horizontal frictionless surface when a horizontal force along an

x axis is applied to the block. The force is given by F(x) = (2.5 —x%)1 N, where x isin meters and
the initial position of the blockis x = 0. What is the kinetic energy of the block as it passes through

x=2.0 m?

2. The total mechanical energy of a 2.00 kg particle moving along the x axis is 5.00 J. The potential energy
isgiven as U(x) = (x* — 2.00x2)J, with x in meters. Find the maximum velocity.

3. Atall, cylindrical chimney falls over when its base is ruptured. Treat the chimney as a thin rod of length
55 m. At the instant it makes an angle 45° with the vertical as it falls, what is the tangential

acceleration of the top?

4. Ina certain binary-star system, each star has the same mass as our Sun, and they revolve about their
center of mass. The distance between them is the same as the distance between Earth and the Sun.

What is their period of revolution in years?

5. Calculate the hydrostatic difference in blood pressure between the brain and the foot in a person of
height 1.6 m. The density of blood is 1.06 x 103 kg/m?3.
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6. Astring under tension t; oscillates in the third harmonic at frequency f3, and the waves on the string
have wavelength As. If the tension is increased to Ty = 8t; and the string is again made to oscillate in
the third harmonic, what then is the wavelength of the waves in terms of A3?

7. A sound wave of frequency 300 Hz has an intensity of 1.00 1 W/m2. What is the amplitude of the air
oscillations caused by this wave?

8. What is the mean free path A for oxygen molecules at temperature T = 300 K and pressure p =

1.0 atm? Assume that the molecular diameter is d = 290 pm and the gas is ideal.

9. What is the magnitude of the electric field at the point (—1.00f — 2.00f + 4.00k) m if the electric

~ potential in the region is given by V = 2.00xyz?, where V isin volts and coordinates x,y, and z
are in meters?

10. The figure here shows four arrangements of circular
loops of radius r or 2r, centered on vertical axes f ] ,
(perpendicular to the loops) and carrying identical i i |

. . . . . . ] T
currents in the directions indicated. Rank the <> d) @ CD ~
arrangements according to the magnitude of the | 7 ,
net magnetic field at the dot, midway between the {a) “’-’ el (.
loops on the central axis, greatest first.

11. A capacitor in an LC oscillator has a maximum potential difference of 17 Vand a maximum energy of

12,

13.

14.

160 pJ. When the capacitor has a potential difference of 5 V and an energy of 10 ), what is the energy
stored in the magnetic field?

A circular converging lens, with diameter d = 32 mm and focal length f = 24 cm, forms images of
distant point objects in the focal plane of the lens. The wavelengthis 1 = 550 nm. Considering
diffraction by the lens, what angular separation must two distant point objects have to satisfy
Rayleigh’s criterion? ’

Each of the following particles is confined to an infinite well, and all four wells have the same width:
(a) an electron, (b) a proton, (c) a deuteron, and (d) an alpha particle. Rank their zero-point energies,
greatest first. The particles are listed in order of increasing mass.

An LED is constructed from a p-n juhction based on a certain Ga-As-P semiconducting material whose
energy gap is 1.9 eV. What is the wavelength of the emitted light?
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1. Imagine a Carnot engine that operates between the temperatures Ty =850 Kand T, = 300 K. The
engine performs 1200 J of work each cycle, which takes 0.25 s.
(a) What is the efficiency of this engine? (5 points) ‘
" (b) How much energy [Qyl is extracted as heat from the high-temperature reservow every cycle?
(5 points) ' '
(c) By how much does the entropy of the working substance change as a result of the energy transferred
to it from the high-temperature reservoir? (5 points)

2. A charge distribution that is spherically symmetric but not uniform radially produces an electric field of
magmtude E = Kr*, directed radially outward from the center of the sphere. Here 7 is the radial
distance from that center, and K is a constant. What is the volume density p of the charge

distribution? (5 points)

3. In the figure, a rectangular loop of wire with length a = 2.2 cm, : | a o
width b = 0.80 cm, and resistance R = 0.40 m() is placed near an B
infinitely long wire carrying current i= 6.9 A.The loop is then T‘? ?r T f
moved away from the wire at constant speed v = 3.2 mm/s. When !
the center of the loop is at distance r = 1.5b, what are , i

Y o

(a) the magnitude of the magnetic flux through the loop (5 points)
and (b) the current induced in the loop? (5 points)




