PHYSICS 1B

MIDTERM 2

Spring, 2017 Dr. Coroniti

There are 100 points on the exam, and you have 50 minutes. To receive full credit,
show all you work and reasoning. No credit will be given for answers that simply
“appear”. The exam is closed notes and closed book. You do not need calculators, so
please put them, and all cell phones, away. If you need more space, use the backside of

the page. ,
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(5) b. Find the total electric field at Point P that is produced by the four charges.
(5) c.Show thatif x >> a, the magnitude of the total electric field is approximately given by
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2. Athin rod with a uniform charge per unit length (dQ/dx) of + A extends along the x-axis

fromx=atox=L. Asecond thin rod with dQ/dx = — A extends along the x-axis from
X=-atox=-L

(15) a. Find the direction of the electric
field at the Point P (x = 0, y) that
is produced by the charged rods,
and show that the magnitude of
the electric field is given by
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(5) b.if y >> a,andy >> L, show that the magnitude of the electric field is approximately

given by
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What type of field does | E| represent? Note that (L% — a2?) = 22 =
quantity does this expression represent?
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3. Aspherical insulator with radius a carries a total charge of +Q thatis uniformly
distributed throughout its volume (4ma3/3 ). The insulator sphere is surrounded b\_f a
concentric conducting spherical shell with an inner radius b (>a) and an outer radius
¢ (> b) as shown. A total charge of - 2Q resides on the conducting shell.

(6) a.Sketch the electric field lines for
this system of charges, and explain
the distribution of the -2Q charge
on the conducting shell.
(12) b. Use Gauss's Law to find the electric
field in the following regions:
(i) O<r<a (i) b<r<c
(ii) a<r<b (iv) c<r
(10) c. Take the zero of the electric potential V (r)
to be at r = 0. Show that V (r) at the surface
r = ¢ of the conducting shell is given by

ve=a= gl

X . . “ 4ue
(0‘3 See. ‘\'Surl_ 5 Dad ey imm-é mpoydsy Werous ot vet Ve A 1€
c\/\r-u"j)z_

. o
—Q s 6;:\—&{:\\0”_-(—‘(7& oV +lae wane 5(,LF('\ “ucg § = Q s CJt" ‘(v'l‘ﬂu(i(‘ﬂ’{

o +he ouwbey

v i % }

(b\) __’__?\ = __Q', o\)u(x
E \'(;) GLunt

(\-‘j E.Unf® < Q




R Rt S i PRt w ey e il e e

(27 Pts)

4. Athin circular disk carries a charge of +Q thatis uniformly distributed over the radial
region 0 <R <a (area = ra?), and a charge of - Q that is uniformly distributed over the
annular radial range a<R<b (area =m(b? — %)) as shown. Consider a Point P that is at
distance 2 along the axis of symmetry of the disk.

(15) a. Show that the electric potential

at P which is produced by the
positively charged inner disk is

L\,/\j Ve = L [(2+ az)%-z]
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(7) b.Show that the electric potential
at P which is produced by the
negatively charged annulus is

Q
21{60(’)2— az)
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(5) c.Forz>>a,andz>> b, show that the total electric potential V = V, + V. atPis
approximately given by

.
Vo= 16megz3
Why does this charge distribution not produce a dipole contribution to the potential? [
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