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Total points \ 85

1. The electric field on the x-axis at 5.0 cm has a magnitude of 30 N/C and is pointed to the
right as shown. Two identical positive charges are located on the y-axis at +10 cm and -
10 cm. (15 points)

a. What is the charge, Q, causing this field? (5)
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b. What is the electric potential at the same point as the field (5.0 cm, 0)? (5)
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C. At a different locatlon in space the electric potential is given as

V(x,y,2) = 5y — 3x’y + 2yZ. Find an expression for the Electric Field.
Remember, the electric field is a vector and has three components. (5)
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2. An electron with a velocity of v =5.0 x 10° i m/s enters a tunnel that contains a uniform

electric field E = 20.0 N/C j. Which curve best describes the path of the electron after it enters
the tunnel? (10 pts)

a) Why? (5 pts)

. A [ =
Comsht fovee Bin 3 et
accele D X wrales (¢ V”‘/h

b) Neglecting gravity, calculate the net force acting on the electron while in the field. What
direction is this force in? (5 pts)

F - @f; Creomo™ 1) (20,87, ¢

= F3.2%0" 0 \j\




Name Exam #1 SP212R Summer 2008

3. A fairly long non-conducting cylindrical shell has inner radius “a” and outer radius “4a” as
shown. The cylinder has uniform volume charge density, p. (20 poglts)

a. Sketch a Gaussian surface that could be used to find the electric field at a distance r from
the longitudinal axis when r is greater than 4a on the above figure. Be sure to stay away
from the ends of the cylindrical shell. Label the dimensions of this surface. (3)

b. Why did you choose this surface? Include a description of the expected magnitude and
direction of the electric ﬁelc.il.jl)
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¢. Interms of the charge density, p, the dimensions of your Gaussian surface and/or the

cylindrical shell, and any appropriate physical constants, what is the expression for the
flux passing through your surface? Hint — what is the charge inside your surface? (2)
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d. Use Gauss’s Law to solve for an expression for the magnitude of the electric field at a
distance r from the longitudinal axis when r > 4a. (3)
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e. Use Gauss’s Law to solve for an expression for the magnitude of the electric field at a
distance r from the longitudinal axis when a <r < 4a. (5) Sketch the Gaussian surface

you are using for this region on the above figure. (3) Again, label the dimensions of this
surface.

jfﬁ(; = E/‘?(A = Z__ﬂ:‘ozﬁ JD[WV/Q—*ﬂ“a/Q
r'—tf go fd

E (v ) = /7/‘/ (- <)
7 Jo(r

24 vV

f. Use Gauss’s Law to solve for the magnitude of the electric field at a distance r from the
longitudinal axis whenr < a. (3)
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4. A particle of with an unknown mass, m, and with charge —2.0 uC is suspended in the

presence of gravity at rest by a mass-less string as shown. A fixed charge of 7.0 uC is
mounted as shown. (15 points)

a. Draw and label the forces acting on the —2.0 pC charge. (3)

b. What is the magnitude of the electrostatic force acting on the —2.0 puC charge? (3)
Calculate the horizontal (x) and vertical (y) components (2 each) of this electrostatic

force.
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c. What is the tension in the string? (2) <§ OYyecS N\) (—Z )
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d. What is the mass of the particle? (3)
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5. Three capacitors are connected to a battery in the circuit shown below. (15 points)
4.5 puF
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a. What single capacitor would equivalently replace the three capacitors above? (3)
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b. What is the charge on the 4.5 pF capacitor? (3)
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c. What is the voltage across the 4.5 pF capacitor? (3)
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d. What is the voltage across the 3.0 uF capacitor? (3)
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e. What is the charge on the 3.0 uF capacitor? (3)
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6. A parallel plate capacitor is constructed of two metal plates of area 25 cm® separated by a
distance of 5.0 mm. (10 pts)

a. Calculate the capacitance (2 pts):
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The capa01tor is 1mmersed in a jar filled with distilled water (k = 80.0) and connected to a

9.0 V battery.
b. Calculate the charge on the plates (after the battery has been connected for a long time)
(2 pts):
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c. Calculate the electrostatic potential energy stored in the capacitor (2 pts):
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(Hint: Think about what happens to the voltage across an isolated capacitor if you put a
dielectric between the plates. You are now doing the REVERSE of that)
d. What is the voltage across the capacitor plates now (2 pts):
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e. Calculate the electrostatic potential energy stored in the capacitor now (2 pts):
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