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7. First, we observe that X (z) cannot be equal to zero for z!@!f. In fact X (z) is always
negative for z!@!f. Now we consider the two remaining regions on the z axis: z < 0 and 0
< z!>!f.

(a) For 0 < z!>!f we have f1 = z and f2 = f!W!z. Let
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and the solution is z!?!3f/4. With f = 24.0 cm, we have z = 18.0 cm.

(b) Similarly, for z < 0 the separation between s1 and a point on the z axis whose
coordinate is z is given by f1 = z; while the corresponding separation for s2 is f2 = f!W!z.
We set
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to obtain z!?!W3f/2. With f = 24.0 cm, we have z = W36.0 cm.
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9. (a) All the charge is the same distance T from E, so the electric potential at E is
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where the zero was taken to be at infinity.

(b) All the charge is the same distance from R. That distance is 2 2 ,T F, so the electric

potential at R is
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13. We use the conservation of energy principle. The initial potential energy is Wk! ?!

s
2/4 g0t1, the initial kinetic energy is Mk = 0, the final potential energy is

2
0 2/ 4 ,hW s t? and the final kinetic energy is M oxh ? 1

2
2 , where x is the final speed of

the particle. Conservation of energy yields
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The solution for x is
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and the corresponding momentum is

6 2(20 10 kg)(1960 m/s) 3.9 10 kg m/sr ox . .? ? � ? � ·
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17. VJKPM The component of the electric field G
h

in a given direction is the negative of
the rate at which potential changes with distance in that direction.

GZRTGUU With 22.00 ,X z{|? we apply Eq. 24 41 to calculate the z, {, and |

components of the electric field:
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which, at (z-!{-!|) = ( 1.00 m, 2.00 m, 4.00 m), gives

(Gz-!G{-!G|) = (+64.0 V/m, +32.0 V/m, 32.0 V/m).

CPCN[\G The magnitude of the field is therefore

2 2 2 2 2 2(64.0 V/m) ( 32.0 V/m) ( 32.0 V/m)

78.4 V m 78.4 N C.

z { |G G G G? , , ? , , , .

? ?

h

NGCTP If the electric potential increases along some direction, say z, with / 0,X z� � @

then there is a corresponding non-vanishing component of G
h

in the opposite direction
( 0zG. � ).
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41. VJKPM Ampere is the SI unit for current. An ampere is one coulomb per second.

GZRTGUU To calculate the total charge through the circuit, we note that 1 A 1 C/s? and

1 h 3600 s.?

CPCN[\G (a) Thus,

5 5C h s
70A h 70 3600 2.52 10 C 2.5 10 C.
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(b) The change in potential energy is FW!?!s!FX = (2.52 � 105 C)(25 V) = 6.3 � 106 J.

NGCTP Potential difference is the change of potential energy per unit charge. Unlike
electric field, potential difference is a scalar quantity.
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47. Let the distance in question be t. The initial kinetic energy of the electron is

M o xk g k? 1
2

2 , where xk = 3.2 � 105 m/s. As the speed doubles, M becomes 4Mk. Thus
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