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Question 23.12

An electric field is the force field per unit charge emitted by a source; any charged object emersed in an
E-field will experience a net force equal to the sum of the forces caused by all sources present. This net
force is, as always, a single-valued vector quantity (one magnitude, one direction); therefore, the E-field will
similarly be a single-valued vector quantity. Since field lines are essentially a ”contour plot” of these E-fleld
vecbors in a region of space, crossing lines would indicate the nonsensical presence of two separate net forces
on any charged object placed at the point of intersection, which is physically and mathematically impossible.

Question 23,14

The answer is (a) zero. Bach infinitesimal segment of the ring will generate an identical electric field, and,
given the circular distribution of these segments, each will have a counterpart on the opposite side of the ring
such that the field vectors produced by the two will be exactly equal in magnitude and opposite in direction
at the center of the ring, thereby canceling with each other, resulting in a zero net field vector,

Problem 23.7

Figure P23,7 Problems 7 and 14,

First calculate the magnitude of the individual forces from each of the other two particles:

A IN . m2/2 —6 -6
o A,qgo _ (8:99 x 10°N - m?/C?) (7.00 x 120 C) (2.00x 107°C) _ 0503
(0.500m)
Q 9 J. 2 2 —G —6
Py = (8.99 x 10°N - m?/C?) (7.00 x 107 C) (4.00 x 107°C) LOLN

(0.500 m)?

Now calculate = and y components; note the z components are both positive, but the y-component of the
-44,C force is negative:

Fy =0.503 - cos 60° + 1.01 « cos 60° = 0.7565 N
F, =0.503 - sin 60° — 1.01 - sin 60° = —0.436 N

= |F|=+/0.755% + 0.4362 = 0.872N

—0.436
= 18 -1 - — \ ©
and 6 = tan ( 07EE ) 30.0

So the resultant net force is 0.872 N @ 330°.
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Problem 23.8

Figure P23.8

We want to find the point between the two outer beads where the E-fleld goes to zero. Working in one
dimension, we can disregard all but the signs of the vector nature of the problem. If we let the distance from
the 3¢ bead to the third bead be z, then the distance from the ¢ bead to the charge will be d — x:

3kq kq

B3y = —53 =—c—
7 a2 ! (d - =z)*
The net field at the position of the third bead is:

_ 3kq kq
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so0 the net field (i.e. the net force) will be zero if:
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The (+) solution gives a value for z < d:

d
1+

~ 0.634d

€T =

Sl

This equilibrium is a stable one if the third bead is also positively charged, resulting in only repulsive forces,

Problem 23.10

Since the forces here are equal in magnitude and both attractive,
the vertical components of the two forces cancel out, leaving the net
force in the horizontal —z direction. This force will go to zero as b
x - 0, and will point in the +z direction as the particle moves

along the —z axis. Therefore, when z <« d, the particle will oscil- '+(/
late about the origin, resulting in simple harmonic motioh along the z-

axis. ds’2 w\f
0 t‘.o

(a) To show this mathematically, we will start with the electric force e
. 4

equation: x 7
d/2 ‘

_ k@ kq@ |

f=-5= N2 4

) g
Figure P23.10




Hwk 1 Solutions PHYS 142 Summer 09 Dr, Jenkins

Since ¥ < d, we can approximate the denominator, resulting in a constant value for f:

~ 9@
f ~ d2
The net force is, then, two times the z-component of f in the —i direction:
8kq() + cosl
Fper = R
We can write:
adj x 2x
cosf N S it

:7—;———_.. 5 l
N

16kqQ)
= Frep = ———7—

d
Now we rewrite the left-hand side:

’ d’z 16kqQ
Fher = ma = gy = Tl

Which we recognize as the differential equation for a harmonic oscillator with:

md’
kqQ

(b) Velocity is maximum at the origin, while acceleration is maximum at z = q;

16kq@ 2r W
2. => T=—=—
v md? w 2

. [16kq@ 16kqQa kqQ) 5/
- Waman — ’ G = 64 Ty
Umaz = Wamas md3 md? 6a md3

Problem 23,12
This problem is entirely similar to Problem 23.8 with different charges and d — 1.00m. For ¢; = —2.50uC
and ¢; = 6.00uC:

kg kqs
E = —-—-; = —_———
! z? 2 (1.00 — 2)°

The net field will be zero where;
Brpet=FE1+E3=0

kqy kqo 2.50 6.00
G TN | = I )

x (1.00 — z) T (1.00m — z)

= (1.00m—=z)* =2.402> =  1,00m— 2z = +1.55z
= z =0,392m; z = —1.82m

Here we have two solutions that both seem reasonable, but examining the original distribution of charges,
we see that the fields will add together in between the two charges and only be capable of canceling to the
left of both charges. Therefore we require the second answer as the correct solution, 1.82 m to the left of the

-2.50uC charge. Note that our (incorrect) assumption that x would be positive (i.e. between the charges) in
our original setup corrects itself in the math.
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