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Taking the electrosphere height h = 25 km and the earth’s radius r = 6.37 Mm,
the total energy in the earth-electrosphere capacitor is

SEC. 4-12]

W = wo = winrlh = 1.2 x 1077 x 4n(6.37 x 10%)? x 25 x 10°
=15 x 1012]

Our calculation assumes that the fair weather field is uniform with height. Since it
actually is not, the 1.5 x 10'2 J result is significant only as an order of magnitude.

Example 4-7 Energy and energy density of three devices. Let us compare the energy
storage and energy density of three commercially available devices:

a. A 1-kV, 1-uF power supply capacitor measuring 3 »x 4 x 8 cm
b. A 5-V, 0.1-F CMOS backup capacitor of 0.4 cm® volume
¢. A 100-A-h, 12-V automobile storage battery measuring 15 x 15 x 20 cm

Solution. (a) Power supply capacitor energy;

W=4CV?2=1 %1078 x (10%% =11
and energy density:
Lid

v

1

i Ix4x8x10°

1
= =52%x10*TJm™?

(b) CMOS backup capacitor energy:
W=41CV2=101x5*=1257

and energy density:

W 1:25
—=—— =31 x 105 Jm™?

M= Odw it

(c) 12-V storage battery energy:
W=VFxIxt=12x 100 x 3600 =43 x 105J

and energy density:

w 4.3 x 10°

= =06 % 10*Jm™

Y 15 % 15500 % 100°

The results of the above examples are summarized in Table 4-4, page 154,
Although the lead-acid battery achieves the highest energy density, capacitors
can make their stored energy available much more rapidly.

4-12 COAXIAL TRANSMISSION LINE

The concentric cylindrical conductors arranged as in Fig. 4-12a form a useful
current-carrying arrangement called a coaxial transmission line. Much can be
learned about its properties from a consideration of its behavior under static
conditions. Let a fixed potential difference be applied between the inner and outer




