SENIOR PROJECT PHYSICS TEST - CHAPTERS 18-19 - 100 POINTS
ELECTROSTATIC FORCES AND FIELDS 1994-95

ANSWER FOUR OF THE FOLLOWING QUESTIONS. SHOW ALL WORK CAREFULLY!

1. Three electric charges are arranged as shown to the right. These @
charges have values of q; = +4.0 uC, q, = +9.0 uC and q; =-14
uC and the distances have values of x = 12.0 cm and y = 5.0 cm.
A. What will be the direction and magnitude of the net
electrostatic force acting on q;? [10 pts]
B. What will be the direction and magnitude of the electric field
strength at point P in the diagram? [10 pts]
C. What will be the magnitude of the electrostatic force acting on a . 4
Carbon nucleus [q = 9.4 x 1019 C] placed at point P? [5 pts] P

2. A solid insulating sphere holds a net negative charge density of
p =-[(3800 + 620r) uC/m3] throughout its interior. The radius
of this sphere is R; = 6.0 cm. This sphere, in turn, is surrounded
by a conducting shell which contains - 4.0 uC of charge. The
shell has an inner radius of R, = 9.0 cm and an outer radius of
R; =12.0 cm. All answers must be accompanied by appropriate
work!

A. On an appropriate diagram indicate the direction and relative
field strength everywhere in the vicinity of this system. [4 pts]

B. What will be the total charge contained within the solid ,
insulating sphere? {4 pts]

C. What will be the electric field strength 3.0 cm from the center of
the solid insulating sphere? [4 pts]

D. What will be the electric field strength 7.0 cm from the center of
the solid, insulating sphere? [4 pts]

E. What will be the electric field strength 11.0 cm from the center
of the solid, insulating sphere? [4 pts]

F. What will be the electric field strength 22.0 cm from the center
of the solid, insulating sphere? [4 pts]

G. What will be the charge densities on the inside p, and outside p; of the conducting shell? [4 pts]

3. A charged ring is shown at the right. The ring has a radius of
R =12.0 cm and contains a total of q = 34.0 uC of charge.
A. What will be the linear charge density of this ring? [5 pts]
B. What will be the direction of the electric field at point X?

Explain and justify! [4 pts] - d
C. What will be the strength of the electric field at point X in L )-o—
the diagram at the right which is located along the y X

principle axis of the ring a distance of d = 42.0 cm from
the ring? [4 pts]
D. What will be the direction and magnitude of the
electrostatic force acting on a proton [q= +1.6 x 10-19 C] .
placed at point X? [4 pts] Rlng
Suppose that this ring is replaced with a disc which also
contains 34 uC and has the same radius of R = 12.0 cm. The
charge is distributed uniformly throughout the disc.
E. What will be the direction and magnitude of the resulting electric field at point X? [4 pts]
F. What will be the direction and magnitude of the electric field at point y? [4 pts]



4. Two vertical plates are arranged so as to accelerate a
negatively charged particle q, which has a charge of

-0.22 uC and a mass of 1.4 x 10-11 grams, to the +
right as shown. The potential difference between the +

plates is V = 5200 Volts and the plates are spaced x; VE

= 3.8 centimeters apart. A second pair of plates are T (% ~~ -

arranged horizontally as shown. The two horizontal
plates are spaced y = 6.0 centimeters apart, are L =

—
AJ

)
14

13.5 centimeters long and are likewise charged to a

potential of 5200 Volts. The charge q begins at the
negative plate and then accelerates to the right until
it passes through a hole in the center of the positive

plate. This charge then passes into the area between the two horizontal plates exactly midway between the two

plates.

a. What will be the kinetic energy of the the charge q just as it passes through the hole in the positive plate? [5 pts]
b. What will be the velocity of the charge as it passes through the hole in the positive plate? [5 pts]
c. What will be the direction and magnitude of the force exerted on this charged particle as it passes into the space

between the two horizontal plates? [5 pts]

d. What will be the velocity of this particle as it exits the area between the two horizontal plates? [5 pts]
e. Exactly WHERE will the charged particle exit the electric field between the two horizontal plates? 5 pts]

. Consider a thick insulating slab of charge which is h =45.0 m high
by w = 18.0 m wide by t = 2.0 cm thick as shown. This slab
contains a total charge of +160.0 pC which is distributed evenl
throughout the slab. The center of this slab is located at x = -6.
cm. Parallel to this slab there is a plane which has the same height
and width as the slab, but which has negligible thickness. This
plane contains -80.0 uC of charge distributed uniformly across its
surface and the center of this plane is located at x = 4.0 cm. [Both
the slab and the plane are parallel to the y-z plane!]

A. VIV}l])%t Egﬂl b]e the volume charge density p throughout the thick
slab? ts

B. What w'ﬁ be the direction and magnitude of the electric field at
the origin? [4 ﬁts] )

C. What will be the direction and magnitude of the electric field at
x = 10.0 cm caused by these charged surfaces? [4 pts]

D. What will be the direction and magnitude of the electric field at

= - 10.0 cm caused by these charged surfaces? [4 pts]

E. What will be the direction and magnitude of the electric field
within the thick slab as a function of distance from the origin
along the x axis? [4 pts]

F. Where, along the x axis, will the electric field strength be
exactly zero? [4 pts]
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1c. The electrostatic force acting on a carbon nucleus placed atP = F 5= 1.563:10 ! N[5 pts]
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9 The total charge contained within the solid sphere = - 3.46 ;C. Since a Gaussian surface
within the conducting shell must have zero net flux passing through it and so the Gaussian surface must contain
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