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Consider 4 dipoles located at the corners

YA
1
24
A
A
4
A
3

¢ Notice the 4 dipoles (oriented along the Y-axis) will produce a net electric field
pointing in the z-axis.

Justification:
The dipoles 1 and 2 produce a net field in the plane ZY
Similarly, the dipoles 3 and 4 produce a net field in the plane ZY

Y Ya
2,1

e Thus, it will be enough to calculate just the y-component of a vector normal to r (see
diagram below.

Ya
1

/o

r=-p (Coso, Sin6, 0) + z(0,0,1)
'p ep + Z ez

The electric field is normal to the line of sight r. A unit vector normal to r and in the
plane formed by N and ey is given by,
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i (rxe )xr
‘(r Xe, )X r‘
The electric field at (0.0,z) produced by the dipole “1” is along N.

rxéy = -p€,Xe + z€,x6
= -p(0,0,Cos0) -z (1,0,0) = -p€, - z8

(rxe)xr=(-pe,-ze)x(-pe, + 2€;)
= €,X€, +ZpeXxe, +7°€,
= o~ (0,0,1) x (Cose, Sind, 0) +z p (1,0,0)x(Cos#, Sind, 0) +z°ey
= p° (-Sin, Coso, 0) + z p (0,0, Sinb ) +z°(0, 1, 0)

(rxey)x r = (-p°Sind, p”Coso, 0) + (0,0,zpSin0) + (0,7 0)

(rxe)xr = (-p°SinB, z°+ p’Cosd, z pSind)

|(rxe)x rP= p +77 + 222,5°Cosd + 22 4 Sin%0

|rxe)x r= p’ +27 + 22p°(2Cos0 + Sin%0)

Ya
eyT 1
? /o r L Txeyx

a— ‘(rxey)xr‘ R

Z

—

e,

rxe )xr
n-__ Y
‘(rxey)xr‘

_ (-p?Sin6, 22+ p?Coso, zpSin6)

n
‘(r xey)xr‘

The component of n along the y-axis is given by,
2 2
nee, - Z + p<CosO
‘(r Xe, )X r‘



Page 4°”’

72 + p?Cosb

ne€, - _ 172
[p”’ +2% + 722p2(2Coso + SInZG)}

y

For point along the x-axis (6 = 0),

n.ey:1
For point along the y-axis (6 = 90°),
2 2
n.e, = : 1/2 Z_2
[p4+z4+ 22 p? )} P> P

Thus, in the derivation made by Feynman, who takes n -ey =1, the approximation is

good except for points near the Y axis. The farther the point is from the origin, the lesser
its contribution to the total electric field.
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