Problem 1[12 points]. Field linesin aregion of space are shownin - A v
the figure. Three locations A,B,C are indicated, as well.
(&) Thelocation with the lowest electric potential is (circle one):
(A) B C Can'tbedetermined C
AN

Potential decreases as you go down a field line.
(b) An eectron would have the highest potential energy at (circle one):
B C Can't bedetermined

U = gV. Snce the electron charge is negative, the region of lowest potential yields the highest potential
energy.

(c) Supposel place an electron at C. Clearly indicate the direction of the force on it on the figure.
For electrons, the force is opposite to the electric field.

Problem 2[4 points]. In which region (1-5) would a proton experience aforcein ¥
the +x direction? e,

Ex=- 2—\; so the slope must be negative for the field direction to be positive. / AN

Problem 3 [4 points]. A charged rod and two conducting balls connected by a long wire are placed as
shown in cross-section. Circle the figure that best represents the charge distribution-on-the-ball

=0 O =0
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Problem 4 [4 points]. Two small, conducting balls are brought into contact and then sep. dightly. The
electric force between them could be (circle every possible answer): attractive @ epulsive.
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Problem 5[28 points]. A long, thick, cylindrical shell of positive charge is shown in cross-section in the figure.
It has inner radius, A, and outer radius, B. Cylindrical shells can be described using the volume charge density, p,
or the linear charge density, . You may use either of these or both for parts a-c.

(&) What isthe magnitude of the electric field for r < A?

Gaussian surface: cylinder of radiusr, length L, as usual.
@ = E(27rL) = Qend &

E = 1/(27&5) QendlrL

Onc=02E=0 v

(b) What isthe magnitude of the electric field for A <r < B?

qenc = P (ﬂrzL - 7TA2L)
E=1/2neo) p (nt?- nbd) Ir v

(c) What isthe magnitude of the electric field for r > B?

Oenc = AL
E=1/2reg) AMlr v

(d) Find the linear charge density, A, in terms of the volume charge density, p. [Hint: Imagine a section of the
cylindrical shell of length L. How much charge isin this section?]

Consider a length L of the cylinder. The charge g in thissectionis:
g= AL

but also:
q= p (B - 7AZL)

Equating these:
A= p(nB?- A% v
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Problem 5 [25 points]. In the figure, the -3q charges can’t move but the +q charge can. The +q charge, mass m,
is initially at rest. You may solve this problem symbolically, if you wish. If you’d like to use numbers, use:
q=400 pC,m=30g,d=23 mm

1 ; (a) What is the change in kinetic energy of the +q charge when it reaches the origin?

y
5’ (b) How fast is it moving when it reaches the origin? ‘ :\
5’ (c) How fast is it moving when it is at (x,y) = (0,d)?
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Problem 7 [23 points]. The figure shows two thin, large, non-
conducting sheets of charge in cross-section. The electric field
between them has magnitude 8.0 x 10° V/m.

(&) What isthe charge density, ¢? 0.50 cm

Each sheet contributes Eqeet = 0/2¢, (Upward).

Thetotal field is. E = 2 Egqeet = 0 .

o=E g

o= (8.0x10°V/m)(8.85x 10°* C*/Nn") = 71 uCIn? v

-O

+c

10 cm

-O

(b) A 5.0 g point mass is added to the above setup on the

left, moving to the right, as shown. After a time of

t = 0.010 s, the particle arrives at the “x”. What was the
charge of the particle? 0.50cm

Neglect fringe fields and gravity. Some kinematic

o >

D=
IO.ZO cm
X

equations are provided that may or may not be useful.

+c

A

Let the y-axis point upwards.

a, = 2D/t* = 2(-0.0020m)/(0.010s)* = -40 /s’

Fy= ma,= -0.20 N

Fy = gEy so,

q= Fy/E, = (-0.20N)/(8.0x10° V/Im) = -25x10° C v

v

10cm L
X=X, +V,t+=at?
2
v=v, +a
vZ —v2 =2ax-x,)



