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1. (3 20 %) Aparticle with mass m is moving on the x-y plane. Assume that the position of the
particle as a function of time 7 can be written as 7 = x, sin @i + y, sin 2a¥ j , with x,,y,.®

all constants. ¢ , j are unit vectors along the x and y axes respectively.

A. Calculate the x and y components of the velocity of the particle. (10 %)

B. Calculate the x and y components of the force acting on the particle as functions of time.
(10 %)

o

(£ 20 %) A particle with mass m is confined to move on the x axis. A force along the x

T . . . . . . a b
direction is acting on it and the corresponding potential can be written as: U (x) = — —— . Here
°x
a and b are positive constants.
A. Calculate the magnitude f(x) of the force as a function of x. Denote f(x) as positive while
the force points in the positive x direction while negative when the force points in the

negative x direction. (5 %)

w

Find the equilibrium point of the force on the positive x axis.(5 %)

C. If the kinetic energy of the particle when it’s very far away (x — 4o ) is+ E, and itis
moving toward the origin (JFREL), what is the closest distance to the origin it could reach
(turning point)? E,is a positive constant. (5 4-)

D. Describe (numerical details can be omitted) the motion of the particle if its total mechanical

energy is negative.(5 %)

(This is actually the effective potential of an orbiting object, planet or comet, around the

sun with x acting as the distance r between the object and the sun.)

3. (3 20 %) Consider a balloon. It is filled with Helium (£ #.) gas on the ground where the air
pressure is latm and the temperature is 20°C. The volume of the balloon is 5.0 m”. Assume
that the balloon is not tight and hence the pressure of the Helium gas inside is equal to pressure
of the air outside. 1atm=1.013x10°Pa » R=8.31 J/mol K
A. The helium gas inside is heated on the ground to 50°C. What is the volume of the balloon

now? Assume that the balloon is still not tight and the pressure of the Helium gas inside is
equal to that of the air outside. (8 4~)

B. Calculate the ratio of the root-mean-square speed (v ) of the Helium gas molecules inside
the balloon before and after the heating.(5 %)

C. Since the density of the Helium in balloon is smaller than the air outside, the balloon will
float and be pushed upward by buoyant force(7¥ /7). Assume the upward move is so fast
that the Helium doesn’t have time to exchange heat with the air and hence the process can
be considered adiabatic (4 #k). When the balloon reaches the height of 6.0 km, the air
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pressure is reduced to 0.5atm. Again assume that the balloon is suill not tight and the
pressure of the Helium gas inside is equal to that of the air outside. What is the temperature

of the Helium gas now? (7 %)

(& 20 %) Consider a sinusoidal electromagnetic wave. The electric field can be expressed in
ST units as:
E. =10 sin7(3x10°x-9x10"1)
This electric field is in the z direction. Position x and time ¢ are both in ST units.
A. Find the amplitude, frequency and wavelength of this wave. (10 %)
B. Find the direction of the wave propagation. What is the direction of the corresponding
magnetic field? What 1s the maximum magnetic field? (10 4~)

(4 20 %) The following is a series of problems about the electromagnetic fields. I list the
Maxwell Equations here in case you need them:
d®,

dr -’
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A. Consider an infinitely large non-conducting plane sheet (& R K -F &4k ) with uniform

Eoi_49 (5 i B
4E-dA_€O, ch dA=0, c{E ds

charge density o . What is the magnitude of the electric field on either side of the sheet? (8
5°)

B. Consider now an infinite conducting plane sheet along the x-z plane carrying a current
(traveling in the z direction), as shown in the graph below. The current per unit width
(along the x-direction) is i amps per meter.

From symmetry argument we know that the magnetic field above the sheet is along the
negative x direction (that is, By, B; both vanish) and in the positive x direction below the

sheet. Calculate the magnitude of the magnetic field B. (7 %)
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C. Consider a square loop of wire with sides of length 2.0 cm as in the figure. A uniform

magnetic field perpendicular to the loop is directed out of page with a
magnitude B = 2.0(T/s)-¢”, where B is in teslas (T) and time 7 is in seconds. Determine

the induced emf (electromotive force) around the square loop att = 1.0 5. (5 4°)
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