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Physics 115/ Exam 1 Spring 2004

This Story Has To Have a Point (50,000 points)

1.) Three identical 15.0 nC (= 15.0 x 10° C) charges, g, , ¢> and ¢; , are equally
spaced apart by a distance of 5.00 cm each. Find the total electric force, F, q,
acting on ¢; in the center.

By Symmetry, Fp :E2+F32 =0

e Ry
* —— s
q, q2 CI3

(b) Find the total electric field, E, acting on g in the center from the other two charges.

By Symmetry, E= El +E3 =0

(c) Find the total electric potential V acting on ¢ in the center from the other two charges.

d =5.00cm = 0.0500m
y-ka
B
d d d
2(8.988x10° ¥»/,)(15.0x10°C
= ( /C )( ) =5393volts
(0.0SOOm)

(d) Find the number of electrons added or subtracted to make g..

QO=xNe ; g=+Ne
150x107°C

=——————=93,630,000,000electrons subtracted
1.602x107°C
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(e) An electron is located a long way (1.00 meter to the right) from ¢; in the center from the other two charges.
Find the initial magnitude and direction of the electron’s acceleration. me=9.11 x 107 kg

F, = k‘ilzqz
(8988107 ¥/ )(3)(15.0x 107 C)(1.602 x 107 C)

(1.00m)’
=6480x10"7 N
F,=ma

_F, 6480x10""N

= I 10°% =7.113x10%m/ s*
m Jd1x g

Nonpareil Parallels (50,000 points)

2.) A parallel plate capacitor consists of two metal plates, each 5.00 cm wide by 10.0 cm long, with a gap d =
2.00 mm. The space between the plates is filled with silicone oil (dielectric constant x = 2.50 and dielectric
strength /5.0 x 10° V/m). (a) Calculate the capacitance, C, of this capacitor. & =38.85x10" F/m

A=(0.0500m)(0.100m) = (0.00500m°)

(0.00500m°)

C=xe, g =(250)(885% 10 "* F/ m)m
. m

=5531x10" F =5531pF

(b) Show that you can safely charge this capacitor with AV = 25,000 volts.

AV = Ed
AV 25,000volts
T4 000200m
=12,500,000V / m < 15,000,000V /m=E,__
—OR -
AV = Ed
Vi = Ennd = (15,000,000 / m)(0.002001)
=30,000volts
So... 25,000volts < V.

(c) Find the charge +Q on the plates with AV = 25,000 volts. If you didn’t get an answer to (a), use C = 621 pF.
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0=CV = (5.531 x107™" F)(25,000volts) =1383x107°C=1,383,000pC

(d) Use Gauss’ Law to find the magnitude of the electric field between the plates. Because of the dielectric

silicone oil between the plates, you’ll have to multiply & by x in the Gauss’ Law equation.

Note: You do NOT get a factor of 2, because E-field is only

T

d

1

between the plates, not on the outside.

0 1383x10°C
4 (0.005000m)

CDE —FEAd= qinside =ﬁ
Kg, K&,
o 0.0002766C / m*

===—""""""—=00002766C/m* =2.766 x10*C/m’

Kkg, (250)(885x107 ¢/ )

=12,500,000N / C

This is the SAME answer as in part (b).

(e) Four of our capacitors are connected together as shown. Find the equivalent G <

capacitance, C,, , of this arrangement.

If you didn’t get an answer to (a), use C = 621 pF.

'c_”a— 4[::]— R
— C

Seriesizl+l:g ; Ceng
, C C C 2
Parallel Ceq:£+§=C

So for thecircuit, C,, = C=5531pF

= +Q




