H.P. Paar PHYS 4C: Electrmagnetism Fall 2015

Quiz # 2 solutions
Solutions by Yury Kiselev

1. (15 points)
(a) (8 points) Electric field components are
E,=—-% = _02z1n(\2)

T oz
E, = —%—‘y/ = —a2yln(\2)
E. =% — o8 5

where o < 0, so —a = |a.
So, E, depends on three variables, but we can plot it versus r,, = /22 + y? and
z due to the rotational symmetry around z axis. We will not include the actual
plot, as it’s pretty obvious.

(b) (7 points)
Let’s assume the electron is placed at point (x,y, z), and its initial speed is zero.

The acceleration will be in the opposite direction of electric field, because charge
of the electron is negative.

a, = [2x1n (Az)
ay, = [2yIn (Az)

_ pE*+y?)
a, = p—-—,

where constant § = —|a] - |e]/m.. At first moment the direction of motion co-
incides with the direction of the acceleration, but later the direction of motion
will deviate from the acceleration, because of the nonzero velocity electron will
acquire.

The electron will end up in the minimum of potential energy position, which
is U = |e|la|(x* + y*)In (Az). The potential energy minimum is at z = 0 and
rey = V2% + y? = 00, so the electron will end up in that region.

2. (15 points)

(a) (b points) Charge on the right plates of C} is opposite to the charge on the left
plate of the capacitor C5 due to the fact that the portion of the wire between the
plates is not connected to rest of the system, so total charge remains zero inside.
So, ¢1 = ¢2 = q and the total voltage is V = ¢ /C} + ¢2/C2 = q(1/Cy + 1/C5), so
the charge on the capacitors is

_VCiCo
q= Ci1+Csy°




The terminal B is positive, so the positive current flows from B to A, which means
that the right plate of Cy has charge ¢, the left plate of C5 then has charge —q,
so the right plate of ('} has charge ¢ and the left plate of C; has charge —g.

(b) (5 points)

Vi= q/Cl - C‘l/fé27

Vo = Q/Cz - 0‘1/562'

(c) (5 points)

1 2 1 V2 C2
U1 501‘/1 5(01+02)27
1 2 _ 1 VZC’ng
U2 502‘/2 ) (Cl+02)27
so the total potential energy is
_ _ 1V2C1Co
U=Ui+U= 3G

3. (35 points) To calculate the effective field in the presence of dielectric, we need to find
the field without dielectric and divide by the dielectric constant k.

(a) (10 points) Electric field contributions from the outer shell are cancelled in the
region 7 < Ry (can prove it by Gauss’ theorem), so the electric field without the

dielectric is the same as from a point charge @ located at the center: E, = *¢

and with the dielectric it will be E = %

2
(b) (5 points) To find the electric field outside we will use Gauss’ law: the total charge
inside ) — ¢, because total charge of the dielectric is zero. The electric field is

then F = w.

Ro> 0o
(c) (10 points) The potential relative to infinity V' = —/ E dr= / E dr=

00 Ro
MQ-aq) | Hdr=kQ-q(3-7)="%2
Ra
Ry
(d) (10 points) The potential of the inner shell relative to infinity is V' = — / E dr =
0o Ra oo o
/ Edr = E dr+ / E dr. The second integral we calculated in part (c).
Ry Ry Ro
R2 R2
The first one is: [} = / E dr = / ,’j—g dr = %(% — 1}—}) So the potential
R1 Rl
of the inner shell is V} = k(%f;q) + %(R% — RLQ)

4. (35 points)



(a) (15 points) The electric field around the wire without the dielectric may be found
via Gauss’ law: @Q);, = AL, where L is a length of a cylinder surface around the
wire. ® = E,, - L27r, so B, = ﬁ The field with the dielectric is E = E,/k =

5 ?0 —. The field inside conducting wire is, obviously, zero.

(b) (10 points) No dielectric, so the bare formula works here: E = E,, = 52

T 2meor”

(¢) (10 points) Potential relative to infinity will be infinity, as integral of 1/r is di-
verging.



