Physics 4B FIRST EXAM Chapters 22 - 24 Spring 1998

Name:

Solve the following problems in the space provided. Use the back of the page if needed. Each
problem isworth 20 points. You must show your work in alogical fashion starting with the
correctly applied physical principles which are on the last page. Y our score will be maximized if
your work is easy to follow because partial credit will be awarded. For full credit you must
explain clearly what you are doing especially if your solution involves symmetry
arguments or uses Gauss's L aw.

1. The charge g,=+12.0uC has a mass of 3.00g P £ >
and the charge g,=-8.0uC has a mass of 5.00g. At . 2 3.20cm !
some instant in time they are a distance 3.20cm o, ‘F_O
apart as shown at the right. Find (a)the electric field 9 h 21 O

felt by the charge q,, (b)the electric force on the
charge g, (c)the electric force on the charge g, and
(d)ysketch the directions of these vectors in the
drawing at theright.

(aThefield felt by q, is created by the point charge g,,

E, = kX =(9 00x109)%10_G b [E, = 7.03x10'N/C
2 =82 = (0.0320)2 L2 = L2%X

(b)The force on g, can be found from the definition of electric field,

F., = 0.5, = (12.0x10"°)(7.03x10") b _ _

(c) Theforceon g, is equal and opposite to the force on g, according to Newton’s Third Law,

F,, = 844N
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2. The dipole shown at the right consists
of two equal but opposite 5.00uC charges
separated by 2.00cm. Find the éectric
field 4.00cm from the center of the dipole
perpendicular to the dipole axis.

The field due to a point charge the point
charges are,

E:krﬂzfp E,=E :krﬂ2
The horizontal components will cancel
leaving only the vertical components,

E=E,sng+E_sinq= Zk%sinq

wherer = /4% +1* = 4.12cm and sing = 4—12 =0.243. Findly,

(°] 5x10° 6

E = 2(9x10°) 5(0.243) =1.29x10'N / C
0.0412

3. Find thefield dueto aring of total charge Q and radius
R at the point P a distance x from the center of the ring
along the axis as shown at the right.

dE, .

Thefield due to the point charge dq is, q ., TTX
dE = k% . dE l dEy

By the symmetry of the ring, the y-components will cancel

leaving only the x-components to add up.

dE, = dEcosq = kOlq

I,.2

cosgb E, = (‘j(% cos(g .

For dl the dq'sther is constant and so istheangleq. Therefor,
k \
E, = = Ccosq (.

The sum of all thedq'sisjust Q. Therefor E, = k% cosq.

Writing r and cosq in terms of R and x givesthe answer |E, = k
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4. A very long thin line of uniformly distributed charge has
250uC per meter of length. Find the electric field 35.0cm away.

By symmetry the field points radidly away from the line. Jp— —_—
Therefor, choose a cylinder of radius r=35.0cm for the gaussian S ™
surface and apply Gausses Law, e —

N — A o N\ rs N\ - e [ N — qencl

oE- dA = -dA+QE-dA+ -dA = ==

QE 2 QE eo
Sincethefield isradial, no flux leavess, or s,. So, / i

SE . gA = ded

QE dA e, S2
On the surface s, the field must be constant by symmetry. ™ —— —
Further, it points parallel to each areaelement. So, /

N\ — = RN _ N _ B q I
- dA = dA = E —BE2pr/ ==X 3
(F - dA = (FA = EQiA =E2prf ==
The charge enclosed is the charge density timesthe length,
9 -6
E2pr/ _e b E-= | _ 2kl _ 2(9.00x10")(250x10™")
© 2per T 0.350
Finally,|E = 1.29x10" {

5. Consider a non-conducting cube centered at the origin. The length of each sideisd and it
contains a uniformly distributed charge Q throughout its volume. (a)Can you use Gauss's Law to
find the total electric flux that leaves the cube? If so, find the result. If not, explain why not.
(b)Can you use Gauss's Law to find the electric field at a distance r from the origin? If so, find the
result. If not, explain why not.

(Q)Yes! Gauss'sLaw states that the total flux that leaves any volume equal s the enclosed charge
over e

F = qencl - 9
e €,

0

(b)To use Gauss's Law to find an electric field alarge degree of symmetry must exist. This
problem doesn't have enough symmetry to find the field.



