1. [40 points] Short Questions
(a) [10 points] Circle T or F for True or False

T F (i) The total electric charge of an isolated system remains constant regardless of changes
within the system itself.

F T F (ii) A plasma is a poor conductor. It's ac"'aq"u %hiﬁ a gonl O“\Auctﬂ

F T F (iii)) Any two opposite charges make a dipole. Tl.ga nesd 2 he %“d‘ " ”"“a""b“de .
T TF (iv) The superposition principle for electric fields is well confirmed by experiment.

TTF (v) A insulator’s electrons are not free to move under electrical force.

T T F (vi) Gauss’s law is always valid.

T T F (vii) The inverse of resistance and resistivity is conductance and conductivity.

T F (viii) The electric field is a vector field with SI units of Newtons per Coulomb (N/C)

T or, equivalently, volts per meter (V/m). The strength of the field at a given point is defined
as the force that would be exerted on a positive test charge of +1 Coulomb placed at that
point; the direction of the field is given by the direction of that force.

T F (ix) The capacitance of a collection of charges is determined solely by the geometry of
the charge distribution.

T F (x) Electric charge is a characteristic of subatomic particles, and is quantized when
expressed as a multiple of the so-called elementary charge e = 1.6 x 107! C.

such as carbon) and a solution called an electrolyte.
T F (xii) In order to have a steady-state electric current one needs a complete circuit.
T F (xiii) Conductivity plus Resistivity of a material is equal to one. & ;P 1

T F (xiv) In the microscopic model of electric current the validity of Ohm’s law requires the

T T F (xi) An electric battery is composed of two dissimilar metals (or appropriate material
T electrons moving with a high velocity and drifting with a much lower one.

T F (xv) The lethal electric shock is around 0.1 Amperes (100 mA) for a period of a second
T or more

F T F (xvi) The electric flux is how much electric field passes through a surface per unit timﬁ.\ no Lerme
| et

F T F (xvii) The electric potential is equal to the electric potential energy. aV- %Au

T T F (xviii) A capacitor can store electric charge.

T T F (xix) Electrical Resistivity depends upon Temperature .

T T F (xx) Kirchhoff’s Rules are really only conservation of charge and energy.
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(b) [10 points] Circle correct answer Electrostatics

(i) Which of the following figures correctly depicts the field lines from an infinite uniformly
negatively charged sheet? Note that the sheet is being viewed edge-on in all pictures.

1TTTT 1N\
[T | 77N
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(ii) In the diagram from part (i), what is wrong with figure B? (Pick only those statements
that apply to figure B.) Circle all that apply.
((A)Field lines cannot cross each other.
((B))The field lines should be parallel because of the sheet’s symmetry.
(C) The field lines should spread apart as they leave the sheet to indicate the weakening
of the field with distance.
(D) The field lines should always end on negative charges or at infinity.

(D)

(iii) Which of the following figures shows the correct electric field lines for an electric dipole?
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(iv) In the diagram from (iii) (Part D of figure), what is wrong with figure D? (Pick only
those statements that apply to ﬁgure D.) Circle all that apply.




(A) Field lines cannot cross each other.

(B) The field lines should turn sharply as you move from one charge to the other.
[[C ) The field lines should be smooth curves in vacuum.
@) he field lines should always end on negative charges or at infinity

(v) In the figure below, the electric field lines are shown for a system of two point charges,
Q4 and @p. Which of the following could represent the magnitudes and signs of Q4 and
@p? In the following, take g to be a positive quantity.

@n” -6 lines

> &° ie’f

> % _F
)

3
$Q, >0
(A) Q4= +qand Qp = —q. (lines go out)

@QA =47q and @Qp = —3q.
C) Qa = +3q and Qp = —Tq.
D) Q4 = —3q and Qp = +7q.
E) Qs = —7q and Qp = +3q.
F) All are correct.

(
(
(
(
(vi) Several electric field line patterns are shown in the diagrams below. Which of these

patterns are incorrect? Circle the letter of the incorrect patterns and explain what is wrong
with all incorrect diagrams.

1 A 1 Dhiagram D ) ( Diageam E

¥ R K X

Direc tion Samet’; Direction



(vii) There are several ways to produce electrostatic charging. Which is not one?
(A) Rubbing two dissimilar materials together.
(B) Induction.
(C) Contact.
@) Radio broadcast.
(E) Electric Sparking.
(F) None cause electrostatic charging.

(viii) A neutral conducting sphere of radius r is located a distance d from a dust particle of
charge gq. The conducting sphere exerts a force on the charged particle which is

(A) zero. (no net force) ' - ?
B) repulsive ¥ Y +
prsive. + - e
attractive. + - %‘
(D) not enough information to determine. Y ———

d

(ix) A fixed potential difference V exists between a pair of close parallel plates carrying
opposite charges +Q and -Q. Which of the following would not increase the magnitude of
charge that you could put on the plates? Ke A

(A) Increase the size of the plates. & AT2C?2a? C = Q= cv

Move the plates farther apart. 472 CJ2ad

(C) Fill the space between the plates with paper. K 9¢7» gt

(D) Increased the fixed potential difference V. VT » @1

(E) None of the above.

(x) Sharper Image and other producers makes substantial profit from selling ion generators
(electrode creates negative ions in the air) as air cleaner and antibacterial agent. How does
generating negative ions clear the air of dust and bacteria?

he ions are attracted to the dust and bacteria by polarizing them and make them
charged. The dust is then attracted to any polarizable surface and sticks.

(B) The ions are attracted to the dust and bacteria and chemically react to disassemble
them.

(C) The ions are attracted to the dust and bacteria and make them effectively charged.
Since the Earth is positively charged by the large thunderstorms in the Amazon, the dust
and bacteria are attracted to the floor.

(D) The coronel discharge that makes the negative ions is like a spark and actually burns
up the dust and bacteria.

(E) It does not really work but the negative ions smell like fresh bleach so that people
think the air is cleaner.



(¢) [10 points|] Concentric Cylinders

(c.1) [2 points] Without doing any calculation, draw eight electric field lines (solid) and four
equipotential contours (dotted) in the electrical system shown in Figure 1 consisting of two
concentric cylinders with charge +q¢ per unit length on the inner cylinder and ¢ per unit
length on the outer cylinder. Label the potential contours so that V; > V, > V3 > V,.
Explicitly label any regions where the electric field is zero.

Figure 1: Figure for problem 1(c) showing two concentric cylinders with charge 4q per unit
length on the inner cylinder and ¢ per unit length on the outer cylinder.

(c.2) [2 points] What is an expression for the electric field in terms of the charge ¢ and the
radius given r; and ry are the inner and outer radii?

- N Q rer,
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(c.3) [2 points] What is an expression for the potential V as a function of radius r? Set

V(r=20)=0.
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(c.5) [2 points] If the shaded region in between the cylinders is filled with a dielectric material
with constant K while keeping the charge per unit length fixed, how do the quantities
calculated in parts c.2, c¢.3, and c.4 change? Briefly describe your reasoning.
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(d) [10 points] Two spheres placed far apart are positively charged to the same potential
(as they are connected by a thin conducting wire) as seen in Figure 2. The radius r, of the
smaller spherical end is about half of the radius r; of the larger end.

(d.1) [4 points] Sketch in the figure the distribution of the positive charges and the electric
field lines. (See question sections below first.)

L e T
‘h"*u'» toice ac momy Seld Lea o;~r® %" 3

Figure 2: Figure for problem 1(d) Two conducting spheres one with twice the diameter as
the other and the two are connected by a conductor.

Explain your reasoning:
(d.2) [2 points] Give an expression for the charge g; on each sphere for potential V.

V- o %1 - Cdnﬂcaw b a wyre > d” Q@ Same ,oot'[ V
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(d.3) [2 points] Give an expression for the electric field magnitude at the surface of each
sphere for potential V. % / e 0o

O, — Yynrt »

PaN E - 3vefnce E.‘.;.'ob 0 » E e’ €, 1 Tf‘

Swdace €, normal # surce

g Ve
‘E." A ¥ T e
swhei 1 %w’u‘.fb’ Yom cold Aave yuit strte)

-l ; ~
: r
itk B!

(d.4) [2 points] Give an expression for the electric field magnitude at the surface of any convex
conductor (radius of curvature r) at potential V. Explain why forks are more dangerous in
microwave ovens than spoons.

Bﬂjd o4 AL"'?, E,‘,’ r-‘—
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the brul( do-m :ﬁeli ‘P a-‘r, m,‘zj Spﬂ‘kf.
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