PHY2049 R. D. Field

PHY 2049 Exam 3 Solutions

Problem 1:

A charged particle, Q = 0.5 C, enters a region with uniform electric and magnetic fields
givenby E=EX+E % and B=B%+B,y, where Ex=2 V/m,E,=-10 V/m,B,=1T,

By, =2 T. What is the magnitude of the net force on the particle (in N) at the moment its
velocity is given by v =v x with vy =5 m/s?

Answer: 1
Solution: The magnetic force on the particle is given by
Xy z
F'B:Q17XE:QVX 0 0=0vB:2
B, B, 0

and the net force is
F=F, +F,=Q(E+vxB)=Q(E &+ (E. +v,B))?)
=(0.5C)Q2V I m)% = (IV / m)Z '

Problem 2:

Two particles are undergoing circular motion in a uniform magnetic field that is
perpendicular to their velocities. Particle 1 has a charge of 0.1 C, a mass of 2 grams, and
a radius for its circular motion of 0.5 m. Particle 2 has a charge of 0.2 C, a mass of 4
grams, and a radius for its circular motion of 2 m. If it takes particle 1 one second to
make one complete revolution, how long (in s) does it take particle 2 to make one
complete revolution?

Answer: 1
Solution: For circular motion in a uniform magnetic field we have,
BR 2rR _ 271mn
F=gvB=mVv'/R, v=q—,and I'=——m=—nr-—.
m V qB
Thus,
T = 271n, and T, = 27n, and T, = Qm; . _ (0.1C)(4g)T _r

9B 9,8 gm, ' (020)(2g)
The two particles have the same period and thus T,=T; = 1s.
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Problem 3: y-axis

Three infinitely long parallel wires lie in the xz-plane A
and are located at x =-d/2, x=0, and x=d/2 as :
shown in the Figure. The two outside wires (x = d/2,-

d/2) carry equal currents I (out of page), while the Tout 21in oy P
center wire (x = 0) caries a current of 2I (info the {0 Qe —p > .
page). What is the magnitude of the magnetic field at —— x=d X-axis

the point x = d on the x-axis (k = Hy/410)?
Answer: 4KkI/(3d)

Solution: The magnetic field at the point x > d/2 on the x-axis is the superposition of the
fields from each of the three wires as follows:

B 2kl 2K _2k(21)§_ kld* .
Ce+d/2 x-d/2  «x X —(d12))
and setting x = d gives

B(x) =

kld? Y7

B = =@y’ " 3a

Problem 4:

In the previous problem, what is the x component of the net force exerted on a length L
of the wire at x = d/2 due to the other two wires (k = [o/4T)?
Answer: 6kI’L/d

Solution: The magnetic field at x = d/2 due to the other two wires is as follows:
=~ kIl 2k(21 7R
2= -2kl = _6k_y
Od d/2 d
and the force on wire 3 is thus,

b

2 2
F=ILxB, :—6k]dL2><ﬁ :6k] Lfc.
Problem §: A
Two concentric current loops lie in the xy plane and z-axis

have radii R, 2R, as shown in the Figure. The loop
with radius R carries a current I in the counter-
clockwise direction and the loop with radius 2R carries
a current of 21 in the opposite direction (i.e.
clockwise). What is the z component of the net
magnetic field at the center of the two loops (i.e. at the
point z = 0 on the z-axis, k = Ho/41)?

Answer: zero

Solution: At the center of the circles the magnetic field is the superposition of the fields
from each of the two loops as follows:

‘;"‘y-axis
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L 2m2D [ _
B—EZR - % 0.

Problem 6:

In the previous problem, what is the z component of the net magnetic field at the point z
= R on the z-axis (k = p/41)?

Answer: -2.3KkI/R

Solution: At the a point z on the z-axis the magnetic field is the superposition of the
fields from each of the two loops as follows:

B(z) = O 2kimR*  2k(2DT(2R)? _ Tddﬂ R? _ 8R*
Ekzz +R2)3/2 (22 +(2R)2)3/2 El(zz +R2)3/2 (22 +4R2)3/2%
o HE 1 8 O 2 [N2 8SH L K,
L R E(z)” (5)3/2% R H4 25 TR
Problem 7:

An infinitely long coaxial cable consists of an inner wire of
radius R carrying a uniformly distributed current I (out of the
page) surrounded by an outer wire with inner radius R and outer
radius 2R carrying a uniformly distributed current I (into the
page) as shown in the Figure. For both wires the current density
is constant? What is the magnitude of the nef magnetic field at a
point r > 2R outside both wires (k = po/411)?

Answer: zero
Solution: Ampere’s Law tell us that

fﬁ il = HoZ orctosea

and if we take a circular loop with radius r > 2R then Iepciosea = 0 and hence B = 0.

Problem 8:
In the previous problem, what is the magnitude of the ner magnetic field at the point r =
3R/2 inside the outer wire (k = o/4T))?
Answer: 7KkI/(9R)
Solution: If we take a counter-clockwise circular loop with radius r such that R <r <2R
then
L 5 ) 4R* -r?
fB Ldl =210B(r) = Uol yptosed = Mol = HoJ (T7° —TIR™) = U, Tla
where I used
I =J(m(Q2R)* -mR*) = JII3R"*,
and where J is the current density (constant) of the outer wire. Thus,
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2kl [AR? —r? 2kl R?>—-(3R/2)* 7kl
B(r): ;:l ED r=31ﬂ;’[‘l§’ l:l4 ( ) E: )

H 3R’ 3R/2H 3R’ OR
Problem 9: ¢ 6 6 6 6 o6 o o
A moveable (massless and frictionless) bar with a ol o ‘el o © o o o
length of L = 0.5 meters is being moved along two B-out
conducting rails at a constant velocity, v =2 m/s, lg 0 209 LA e o o
as shown in the Figure. The entire system is L e Y
. . . . o 6 ©6 6 o o o
immersed in a uniform magnetic field (out of the
paper) with magnitude B(t)=Boe ™", where By = 2 oo o/ 0o 0o o o o
T and T=1 second. If the barisat x=0att=0, —

what is the magnitude of the induced EMF in the
circuit (in Volts) at the time t =1 second?

Answer: zero
Solution: If I choose my orientation counter-clockwise then the magnetic flux through
the loop is given by

®, = B(t)xL = Bye """vtL
where [ used x = vt. From Faraday’s Law of induction the induced EMF is

chB —t/T
- = —-vLB ,e 1-¢t/1),
% o€ ( )

which vanishes at t = 1 second since 1-t/T=0 att = 1s.

2

Problem 10:

Consider the LR circuit shown in the Figure which consists an 8 Volt EMF, an inductor,
L =4 H, and two resistors. After the switch is closed, what is the stored energy in the
inductor (in Joules) at the instant the current through the 2 Q resistor is equal to 2 Amps?
Answer: 18

Solution: The current through the inductor is given by I = I;+I, as shown in the figure,
where the current through the 2 Q resistor is

R R +R
1, = 2] sothat [ =———3
R1+R2 ‘R2

The stored energy in the inductor is given by
U=L1LI=1(4H)(3A4)’ =18J .

I :g(2A):3A.
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