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\ANSWERS TO
\ODD-NUMBERED PROBLEMS 
I 
i 
I 

Chapter 1 

1.1. (a) 4,v1"3 units and directed 30° south of east (b) 0.51764 units and directed 45° 

north of east (c) 9.928 units and directed 30° south of east (d) -6,v13 (e) 6 units
and directed upwards (f) 0 (g) 0 (h) 2.784 (i) 1.607 units and directed upwards
(j) 0 (k) 0 (I) 24 units and directed towards the north (m) 24 units and directed
30° north of east

13. C2 = A2 + B2 
- 2AB cos (} where (} is the angle between A and B.

1.5. (c) di = .../ u2 + v2 du iu + .../ u2 + v2 dv iv + dz i, (d) dv = (u2 + v2) du dv dz

1.7. (c) rt= 129.25°, L\ = 29.38°, S = 38673 Km (d) 208.97°, 25.17° 

1.15. Cix + 2i
y 

+ 3i,)/ �

1.17. (a) Surfaces of constant magnitudes, T0 , are ellipsoids with intercepts on the x, y, 

and z axes at ±�, ±.../TJ4, and ±,./TJ9, respectively.
(b) Surfaces of constant magnitudes, U0 , are cylinders parallel to the z axis, having

radii equal to 1/2U0 and with their axes passing through x = ±1/2U0, y = 0.
(c) Surfaces of constant magnitudes, V0 , are toruses obtained by revolving, about

the z axis, circles in the <p = constant plane with centers at r c = 1 /2 V0 and
z = 0 and with radii equal to 1/2V0 • 

1.19. F = -(mMG/r2)i, in the spherical coordinate system having its origin at the 
center of the earth. Constant magnitude surfaces are spheres concentric with the 
earth. Direction lines are radial lines converging towards the center of the earth. 

1.23. (a) v = ai, + abti4,, !; = -ab2ti, + 2abi4, 

(b) v = -(J)a sin (J)f ix + wb cos (J)f iy + ci,
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dv z • 2b . • 
dt

= -()) a cos Wt Ix - (J) sm wt Iy 
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1.25. (i, - 'V/'J\)/2 
1.27. Scalar function 

Gradient 
1.29. 6.983 
1.31. (a) 1/720 (b) 2nal (c) n/16
1.33. (a) 0 (b) a2//2
1.35. (a) n/2 (b) n/2 (c) n/2 (d) n/2
1.37. -2/3
1.39. (e- 1 

- l)n/2 
1.43. Unit vector ix iy iz i,c i,.; 

rs 

i,s 

i,s ie 

e 
(1/rs)ie 

l)ivergence O O O 1/rc O 2/rs (cot 0)/rs 

1.49. (a) 21/16 (b) 1/2 (c) 0 (d) 0
1.53. (a) -yix - ziy - xiz (b) -2i, (c) (2 + 2 sin <p)i, (d) 0 except for z = 0

(e) -(e-'/r)i,.; 

1.63. (a) 6xyz 2 + 2x 3y (b) 0 (c) e-'/r (d) 2(yzix + zxiy + xyi,)

2.1. 
2.3. 

2.5. 
2.7. 

2.9. 

2.11. 

2.13. 

2.15. 

2.17. 

2.19. 

Chapter 2 

-(mg/q)i,, 55.7 x 10- 12 N/C 
(b) YL = qEoL2/2mv5, vL = voix + (qEoL/mvo) iy 
(c) Yd = (qE0L/mv5)[(L/2) + d]
Q2/€0 / 2mg = 4n/,,/6
(a) 6Qd2/4n€0z 4 away from the quadrupole
(b) 3Qd2/4n€0r4 towards the quadrupole
(a) Ex = 0, Ey = 0, E, = PLoaz/2€0(a2 + z2)

312 

(b) Ex = 0, Ey = -PLoa2/n€0(a2 + z 2)3 12, E, = 0
(c) Ex = -pL0a2/4€0(a2 + z2)

312, Ey = 0, E, = 0
(d) Ex = 0, Ey = -pLOa2/4€0(a2 + z2)312, E, = 0
(a) Ofor\z\< a,Psoa2\z[/€0z 3 for[z[> a 

(b) -Pso/3€o for [z\ < a, 2Psoa3/3€o [z 3 [ for [z[ > a 

(p0r/2€0)i, for r < a, and (p0a2/2€0r)i, for r > a, where the axis of the cylindric1l
charge is the z axis.
(a) E = (pLOd/2n€0r2)(cos cf> i, + sin</> i,.;)
(b) x2 + (y - c/2)2 = (c/2)2, z = constant; circles in planes normal to the z

axis, with centers at x = 0 and y = ±c/2, and having radii c/2.

E = p LO [( z + a _ z - a 
) i 4n€or y(z + a)2 + r2 y(z - a)2 + rz ' 

+( r r )·] y(z - a)
2 + r2 - y(z + a)

2 + r 2 
1
' 

where the line charge is located along the z axis between z = -a and z = a. 
l)irection lines are given by 
,vi(z + a)2 

+ r 2 - y'�(z---a�)2�+ -r�2 =:== constant

(a) n (b) 2n/3 (c) n/6 (d) 2n (e) n/2 (f) n/2





2.49. 

2.51. 

2.53. 

2.55. 

3.1. 

3.3. 

3.5. 

3.9. 

3.11. 

3.13. 

3.15. 

3.17. 
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Equipotential surfaces are given by
(c - 1)2 

(.!....)
2 (c - 1)2 

(2-)
2 = 1

4c a 

+ 
(c + 1)2 

a 

where c is constant. 

h(a
2 - .!!..) for r < a 

Poa3 

for r > a 
2€0 3 '3€or 

p p a2 a (a) -0 (a
2 - r2) for r < a, -0 

- In - for r > a 4f o 2f o r 
Po (a2 - r2 a) (b) 0 for r < a, 2fo 2 - a

2 ln r for a < r < b,
.P..9._ (a

2 - b2 - z I !!....) + Po(b2 - a
2 ) I .!!_ ,. > b2€0 2 a n b 2€0 

n r 1or r 
p a2 a p (c) -0

- In- for r < a, -0-(a3 
- r 3) for r > a 3f o r 9€ 0a 

(a) P,oz for \z\ < a, P,oa\z\ for \z\ > a f o f oZ 
(b) P

fs
oa In.!!_ for r < a, P,oa In.!!_ for a < r < b, 0 for r > b
o a f o r 

p a
2 

( 1 1 ) p a
2 

( 1 1 ) (c) �o a - b for r < a, �o r - b for a < r < b, 0 for r > b
(a) '1ta

2 PLoix (b) 0 (c) (pLOa
2/2)( -nix + 2n2i.v)

Dipole moments for cases (a) and (b) about any point other than the origin are the
same as the respective dipole moments about the origin.

Chapter 3 

-eix 

µ0nla2 sin (2n/n)
4n[(a cos n/n)2 + z2](a

2 + z 2)1;2 
1•

µola2 { 1 1 } . (a) -2- [a2 + (z - b)2]312 
+ [a

2 + (z + b)2p12 I, 




















