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1. Electric charge is distributed non-uniformly aloﬁg a thin lirfe segment that lies in the x-axis between
x=0 and x=L,asshown in the figure below. The charge per unit length A is:

Ayx
- for0<x<L
A(x)=4 L

0 otherwise
(a) Find the total charge in the line segment. (5%)
(b) Find the vector electric field at Point P, which has the coordinates (x,z)=(0,z,) . (14%)

A}
(c) Check you results in Part (b) and show that those results are consistent with what is expected for the
case z,>» L. (6%)
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2. (a) Gauss's law in differential form is:

v.E=L. @.1)
€

Starting with Eq. (2.1), perform a step-by-step derivation of Gauss's law in integral form. (5%)
(b) Under steady-state consideration, Ampére's law in differential form is:
VxB=uJ. 2.2)
Starting with Eq. (2.2), perform a step-by-step derivation of Ampére's law in integral form. (5%)
(c) An infinite, thin line charge with uniform charge per unit length A lies on the z-axis of the

cylindrical coordinates. Make use of the result in Part (a) to calculate the electric field vector at an
arbitrary point (r,¢,z) for r#0.(5%)

(d) The infinite, thin line charge in Part (c) now moves with a vector v=vz. Make use of the result in
Part (b) to calculate the magnetic field vector at an arbitrary point (r,¢,z) for r#0.(5%)
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3. Three charged particles A, B and C are between two fixed, parallel charged plates of infinite area. One

of the plates has uniform positive charge and the other has uniform negative charge, resulting in a uniform
electric field between them. The potential difference befween the two plates is 10 volts. We let the
electric potential ¢ =0 be at the negative plate, and ¢ =10 V at the positive plate. The three charged
particles are momentarily at the midpoint between the two plates, as shown in the figure below. The
information about these particles, including their kinetic energy (KE) when they are at the midpoint
between the plates, is as follows:

Particle A: electric charge +e (e is the elementary charge), mass m,, zero KE;
Particle B: electric charge +e, mass m,, zero KE;
Particle C: electric charge —e, mass m., KE=3eV moving toward the negative plate.

Itis given that m, >m, >m..
(a) Give the total (kinetic + potential) energy of each charged particle. (5%)
A particle detector is set up at the negative plate to observe all the charged particles that reach there.

(b) Which of the three charged particles will reach the particle detector first? Which one will be the
second to reach the particle detector? (2%)

(c) Discuss what will happen to the third charged particle (the particle that is not in your answers in Part
(b)) by describing its motion. (5%)
(d) Explain the reason(s) for your answers in Part (b). (3%)

positive negative
plate plate

Particle 4 “
Particle B 4+
Particle C (www—mb K} =3 eV
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4. Given two inertial frames, Frame S and Frame S', where Frame S' moves with a constant velocity v
with respect to Frame S, the rules of Lorentz transformation for electric and magnetic fields between the

-

two frames are as follows:

E =E;; —l‘=7(“‘l'+|3><3¢);
C C

) . E
B =B ; B =7(B¢—BXTL) ,

where the unprimed quantities are fields in Frame S, the primed quantities are fields in Frame S’, the ||
and L1 subscripts respectively refer to directions parallel and perpendicular to v, the vector p=v/c,

“

¢ is the speed of light, and y = (1 - B )—1/2 .

A particle of charge ¢ and velocity u=uz is momentarily at the origin. Make use of the rules of
Lorentz transformation to find the electric field and magnetic field at locations (x, y,z) everywhere

except for the origin at that instant of time. Assume the particle to be a point charge. Also, assume that
u? < ¢ inyour calculation and neglect terms of the order of (u/c)* and smaller. (20%)

5. Consider a large region with a uniform magnetic field B = Bz but no electric field. The equation of
motion for a particle of electric charge ¢ and mass m is:

av
m—= B . 5.1
kAL 5.D

(a) Solve Eq. (5.1) to obtain the velocity v =(v,,v,,v,) and position x=(x,y,z) of the particle as a

function of time ¢, using the following initial conditions at r=0: x=(0,0,0) and v=(v,0,0).
(17%)

(b) Give an expression for the cyclotron frequency Q of the particle by identifying the frequency of the
particle's periodic motion. (3%)




