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1. As shown in Figure (1), space shuttle travels in a circular orbit 2R LT -
above the surface of the Earth with a period of 7, where R is the
radius of the Earth. The shuttle is now returning to the ground from S
point A of the orbit, it must reduce the speed at point A and enters a ! B@*:A
new elliptical orbit with the center of the Earth at one focus, and \ “~---- /
the orbit is tangent to the Earth's surface at point B. AB is the
major axis of the ellipse. How long does it take for the shuttle to ;iéjil)
land from point A to the ground (point B)? In terms of 7.

2. As shown in Figure (2), two identical blocks B and C of
length 36.0 cm on the smooth horizontal surface, and the
object A(treat A as a particle) is located at the right end of B,
with the same mass of A, B and C. A and B are moving with
the same speed toward the stationary C, and then B undergoes a one-dimensional completely
inelastic collision with C. A is known to slide to the right end of C without falling and there
is friction between A and C. Find the distance that C has traveled from the collision of B and
C to A just arriving the right end of C.

A
0
| B — | C |

Fig. (2)

3. Figure (3) shows the transverse velocity u versus time ¢
of the point on a string at x = 0, as a wave passes
through it. If the wave has the form y(x, #) = yy, sin(kx -

ot - ¢). What is the phase constant ¢? 5.0 /\
/ )
4.0

Fig. (3)

4. Pipe A4 has only one open end; pipe B is four times as long and has two open ends. Of
the lowest 10 harmonic numbers ng of pipe B, what is the second smallest value at
which a harmonic frequency of B matches one of the harmonic frequencies of 4 ?
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. A small lightbulb suspended at distance d; = 250 cm above the surface of the water in
a swimming pool where the water depth is d, = 200 cm. The bottom of the pool is a
large mirror. Looking down nearly perpendicularly, how far below the real mirror
surface is the image of the bulb?

. A particle of charge +Q is assumed to have a fixed position at P. A second particle of
mass m and charge —Q moves at constant speed in a circle of radius R,, centered at P.
Derive an expression for the work that must be done by an external agent on the

second particle in order to increase the radius of the circle of motion, centered at P, to
R,.

. In Figure (4), a voltmeter of resistance R, = 300 Q and

an ammeter of resistance R, = 5.00 Q are being used to V]\QV\F @
measure a resistance R in a circuit that also contains a —~

resistance Ry = 100 Q and an ideal battery of emf ¢ = W]

18.0 V. Resistance R is given by R = V/i, where V' is the —¢

voltmeter reading and i is the current in resistance R.

However, the ammeter reading is not i but rather i'. 'V]\QA.{\F Fig. (4)

Thus, the ratio of the two meter readings is not R but
only an apparent resistance R' = V/i". Assume that R =
100 Q. Calculate the apparent resistance R’ ?

. Xrays with wavelength 1 = 1.24 A eject photoelectrons from a gold foil. The electrons
form circular paths of radius 7 in a region of magnetic field B. Experiment shows that
rB = 1.82x10™ tesla-m. Find the work function of the gold foil in electron volts.

( Electron rest mass m. = 9.1x107' kg)

. Radiation from a helium ion He" is nearly equal in wavelength to the first line of the
Balmer series. Between what states (values of #) does the transition in the helium ion
occur?
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10.In Figure (5), a wheel of radius 0.25 m is mounted on a
frictionless horizontal axle. A massless cord is wrapped around
the wheel and attached to a 2.0 kg box that slides on a frictionless
surface inclined at angle & = 37° with the horizontal. The box

accelerates down the surface at 2.5 m/s>. What is the rotational
inertia of the wheel about the axle? (g = 10 m/s%)

11.Figure (6) shows a cycle consisting of five

paths: AB is isothermal at 300 K, BC is p Fig. (6)
adiabatic with work = 52 J, CD is at a A

constant pressure of 2.0 atm, DE is \%
isothermal, and EA 1s adiabatic with a A\ B

change in internal energy of 64 J. What is the EN__ %\

change in internal energy of the gas along b ¢ %
path CD?

12. Suppose that the central diffraction envelope of a double-slit pattern contains 11 bright
fringes and the first diffraction minima eliminate (are coincident with) bright fringes.
What order of bright fringes lie between the first and second minima of the diffraction
envelope?

13.Figure (7) shows a rectangular loop of wire immersed in a
nonuniform and varying magnetic field B that is Y Fig. (7)
perpendicular to and directed into the page. The field's
magnitude is given by B = 6fx, with B in teslas, ¢ in
seconds, and x in meters. (Note that the function depends B®
on both time and position.) The loop has width W= 3.0 m
and height H = 2.0 m. What are the magnitude and
direction of the induced emf around the loop at £ = 0.20 s? ) W ] o
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