1. If two points are at the same potential, does this mean that no
work is done in moving a test charge from one point to the
other? Does this imply that no force must be exerted? Explain.

6. If V =0 at a point in space, must E=0? If E=0 at 6.
some point, must ¥V = 0 at that point? Explain. Give exam-
ples for each.

14. If you know V at a point in space, can you calculate E
at that point? If you know E at a point can you calculate V
at that point? If not, what else must be known in each case?

14.

Not necessarily. If two points are at the same potential, then no nef work is done in moving a charge
from one point to the other, but work (both positive and negative) could be done at different parts of
the path. No. [t is possible that positive work was done over one part of the path, and negative work
done over another part of the path, so that these two contributions to the net work sum to zero. In this
case, a non-zero force would have to be exerted over both parts of the path.

No. Electric potential is the potential energy per unit charge at a point in space and electric field is
the electric force per unit charge at a point in space. If one of these quantities is zero, the other is not
necessarily zero. For example, the point exactly between two charges with equal magnitudes and
opposite signs will have a zero electric potential because the contributions from the two charges will
be equal in magnitude and opposite in sign. (Net electric potential is a scalar sum.) This point will
not have a zero electric field, however, because the electric field contributions will be in the same
direction (towards the negative and away from the positive) and so will add. (Net electric field is a
vector sum.) As another example, consider the point exactly between two equal positive point
charges. The electric potential will be positive since it is the sum of two positive numbers, but the
electric field will be zero since the field contributions from the two charges will be equal in
magnitude but opposite in direction.

No. You cannot calculate electric potential knowing only electric field at a point and you cannot
calculate electric field knowing only electric potential at a point. As an example, consider the
uniform field between two charged, conducting plates. If the potential difference between the plates
1s known, then the distance between the plates must also be known in order to calculate the field. If
the field between the plates is known, then the distance to a point of interest between the plates must
also be known in order to calculate the potential there. In general, to find V, you must know E and be
able to integrate it. To find E, you must know }” and be able to take its derivative. Thus you need E
or V in the region around the point, not just at the point, in order to be able to find the other variable.
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3. The kinetic energy gained by the electron is the work done by the electric force. Use Eq. 23-2b to

3. (I) An electron acquires 525 X 10 '°J of kinetic energy
calculate the potential difference.

when it is accelerated by an electric field from plate A to
plate B. What is the potential difference between the plates, W, 525x107"°]

and which plate is at the higher potential? Va =— q = (—].6l}x 1[1"';'(3) =|3280V

The electron moves from low potential to high potential, so is at the higher potential.

11. (1I) A uniform electric field E = —4.20 N,’Ci points in the
negative x direction as shown in Fig. 23-25. The x and y
coordinates of points A, B, and C are given on the diagram (in
meters). Determine

. o v
the d11fference:-. m C(=3.00, 400) 11. Since the field is uniform, we may apply Eq. 23-4b. Note that the electric field always points from
F;t?tla] Ejﬂ? ll*:n,a, . st = - B(4.00, 4.00) high potential to low potential.
) Ve and (¢) Vea - ) (@) |Vy, =0]. The distance between the two points is exactly perpendicular to the field lines.
- = A(4.00, 1.00 _ _ _
- ( mx 00) (b) Voy=V.—V,=(-420N/C)(7.00m)=|-29.4V
FIGURE 23-25 j (c) Vo, =V.-V =V. -V, +V, -V =V_+V, =-294V+0=(-294V
Problem 11. h




17. (1I) Suppose the end of your finger is charged. (a) Estimate
the breakdown voltage in air for your finger. (b) About
what surface charge density would have to be on your finger
at this voltage?

75. In a photocell, ultraviolet (UV) light provides enough
energy to some electrons in barium metal to eject them
from the surface at high speed. See Fig. 23-36. To measure
the maximum energy of the electrons, another plate above
the barium surface is kept at a negative enough potential
that the emitted electrons are slowed down and stopped,
and return to the barium surface. If the plate voltage is
—3.02V (compared to the barium) when the fastest elec-
irons are stopped, what
was the speed of these Plate

electrons when they were UV / Ve_300V
emitted? (Y T
light ™

t
FIGURE 23-36 +
Problem 75.

V=1
Barium

17.

(a)

(b)

The width of the end of a finger is about 1 cm, and so consider the fingertip to be a part of a
sphere of diameter 1 cm. We assume that the electric field at the radius of the sphere is the
minimum value that will produce breakdown in air. We use the same approach as in Examples
23-4 and 23-5.

V riee = Ty Eoneiionn = (0.005m) (3x10° V/m) =[15,000V

surface

Since this is just an estimate, we might expect anywhere from 10,000 V to 20,000 V.

Lo 1 drro o

dme, rn,  4me,

. (8.85x10™ C*/Nem’) s

Ve — = (15,000 V) = |2.7x10° C/m’
r 0.005m

]

surface

o

Since this is an estimate, we might say the charge density is on the order of 30 ,uC/mE .

75. The kinetic energy of the electrons (provided by the UV light) is converted completely to potential
energy at the plate since they are stopped. Use energy conservation to find the emitted speed, taking
the 0 of PE to be at the surface of the barium.

KE PE,, — tmv=gqV —

mitial

2(-1.60x107"C)(-3.02V
v= ’2‘”/ :‘j (-1.60 _3)1( ) 1.03x10° m/s
m 9.11x10 " kg




76. An electron is accelerated horizontally from rest in a televi-
sion picture tube by a potential difference of 5500 V. It then
passes between two horizontal plates 6.5 cm long and 1.3 cm
apart that have a potential difference of 250 V (Fig. 23-37).
At what angle @ will the electron be traveling after it passes
between the plates?
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FIGURE 23-37
Problem 76. === <-< :

76. To find the angle, the horizontal and vertical components of the velocity are needed. The horizontal
component can be found using conservation of energy for the initial acceleration of the electron.
That component is not changed as the electron passes through the plates. The vertical component
can be found using the vertical acceleration due to the potential difference of the plates, and the time
the electron spends between the plates.
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