Physics 202 Exam 2, Name:

P

Problem la. (4 + 4, E-52)

A hollow ball of inner radius a and outer radius b is made of charged
dust of density p. Compute the electric field strength |E(r)| for
r <a,and for r > b

Solution
E(r 47rr2=2, Er) =0, r<a
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S
‘ Problem 1b. (4+4 P-84)
P
Use Gauss’ law to compute the electric field at a distance » < R from the central
axis of an infinitely long cylinder made of charged dust of density p, with radius
L R. Compute the field strength for some r > R.
ro IR Solution
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Problem 1c. (4, P-89)

Compute the electric field strength at a point a distance x (measured

: R perpendicularly) from the median plane (dotted) of an infinite planar slab
E.n of charged dust of density p and thickness 2a, x > a.

A Solution
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Problem 2a. (242 E-116)

A vector potential for a time-varying magnetic field is A = 4.0T e~ 10 (yi — zj). Find both B and E.

Solution
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Problem 2b. (4+4+4 P-129)

A wire of cross-sectional area A = 2.0x 10~ 4m?
and length ¢ = 0.5m is made of two equal
length conductors with different resistivities
p1 =1.0x1072Q-m and py = 2.0 x 1072Q - m.
Find J and E inside of each half when it is

- connected to a ground and battery Vo = 10V
as shown. Find the total resistance of the
device.
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Problem 2c. (4, P-155)

The figure shows a mass spectrograph in which a charged parti-
cle of mass m and charge ¢ = 3.2 x 107'°C is accelerated from
rest by passing it through a potential difference V5 = 5000V
and injecting it into a magnetic field of strength |B| = 0.8T.
The particle travels in a circular path in the chamber, because
there is a uniform magnetic field (out of the paper) there. It
strikes a photographic plate a distance = 0.5m from the entry
point. Find its mass m.
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Problem 3a (6, p-133)

Vo = 100V, Ry = 10092, Ry = 20092, Ry = 3009, R3 = 50012,
C1=2x1078F, Cy =3 x 1078F.

a. Instantly after closing the switch S at ¢ = 0, find the currents
through the resistors Iy, I1, I3, I> (all down or to the right) and
the charges on the capacitors ¢1,¢2 (top plates positive).

Solution. Instantly after closing S, g1 = g2 = 0 and all current routs
through the capacitors; I; = I = Is = 0, X—?} =1, = 1.0A.

b.(6) Very long after closing the switch S at ¢ = 0, the currents will
have reached steady (constant) values, as will the charges on the
capacitors. Find these steady values.

Solution. The capacitors reach steady state, Iy = I = [, =
V
m = 0166714, 13 = 0,
_ Q1 _ -7
O—F+R3'O—R1[1, Q1—667X10 C
1
_ Q2 _ —6
O—F+R3-0—R212, Q1 =15x10"°C
2

Problem 3b (2+2+2+42, P-133)

Find @1, @2, Q3 along with the total work done by
the battery in charging the entire system. C; =1 X
107°F, Cy =2x107%F, C3 = 3x 107°F, Vi = 10V.
Solution

Qs = Q1 + Qo Vozg—z+%, Q=022
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Problem 4a (5)

Use the Biot-Savart law to find the magnetic field
at the center of the circle shown. The straight
segments are semi-infinite, carrying I.

Solution
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Problem 4c (5)

Use the Biot-Savart law to find the magnetic field
at the center of the circles that the two arcs are
sections of.

Solution

_ (Hol©  pol©
B = ( 4ra 4mh ) (out)

Problem 4b (5)

Use the Biot-Savart law to find the magnetic field
at the point illustrated. The straight segments are
semi-infinite, carrying I.

Solution

- ]./L()I
B= 5 %ma (out)

Problem 4d (5)

Use the Biot-Savart law to find the magnetic field
at the origin. The arcs are circular
Solution

B = (A2 (1 + 108 () 4 L2 ()
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Problem 5a (4)

Compute the magnetic field at a distance z above
and below the median plane (dotted y-axis lies on
it) within a planar slab of thickness 2D, D > z
carrying a uniformly distributed current density
J=Ji (in An?ép ) out of the paper. The figure shows
the plane (rather part of it) in cross-section.

|B| = poJ =

Problem 5b (4+4+4)

The left figure shows a long conducting hollow tube carrying
a uniform current I out of the page, distributed evenly over
the cross sectional conducting area m(b*> — a?). Determine from
Ampere’s law |B(r)| for 7 < a, a < r < b, and r > b. I have
drawn suitable Amperian loops for you.

I
jfB-de:|B|2m~:MOI Bl =£2 >,
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Problem 5c (4)

Find the magnetic field at a point r = zi created by two wires
parallel to the z-axis carrying currents I in opposite directions
(top one is out, bottom is into the paper).

Solution

ol a .

B=2 i
2mvz2 + a2 Va2 + a?




