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Solution to PROBLEM 3.14 (continuation )
) Applying Eq. 855 with n, =5 em and n, =6 cm, we abtain
1.5x10° A

2
e ) (005 m)® + (1.06m)?]

Fo(0) = —(dwx 10-7H,fm)(

= { | (003 m-0.06m)?2%32.3701 — 18.7227) }
l(0.05m)? + (0.06m)7]

= —(216.7kN)(1 — 0.136) = —187.3kN

Equation 3.55, which is much simpler to compute than Eq. 3.54, also turns out to
give, at least in this particular example, a better result than Eq. 3.54.

g) The differential force acting on one complete turn at 2 >0 carrying a differ-
entis] current of df is given by,

AF:(:2>0) = —Irab(z)d]
The negative sign indicates this force is directed towards the midplane. Substi-
tuting dI = (NI/2b) d and integrating over the entire half length of the solencid,
from 2=0 to z=b, we have:

. T NI

F(0) = _j OraB,(z) o= dz = — == | PmaB,(z)ds (S14.1)
il h 2b Jy

The integral [} 2raB,(z)dz is the total radial Bux leaving this half of the salenoid.

From V- =0 this is equal to the difference between the total axial flux entoring

into this half of the solensid over the circular plane at the midplane (z=0) and

that leaving the solenid over the cireular plane at ==&, Namely,

f IraB,(s)dz = ma?[B,(0) — B.(b)] (S14.2)
A\

Note that it is assumed that for & “long” coil (k2 & 1 or 3 3 1), for which
Eq 3.41b is valid, B, (0,0) and B,(0, b) may he assumed constant over the circular
plane of area wa?. For this long solenoid, it is also true that B0, b = 0.58:(0,0)
[soe Discussion 3.4 ), thus Eq. 514.2 may be given by:

f FraB, (z)dz = %}L(n) (514.3)

For a long coil, B:(0,0) =4 N1/2b (Eq. 3.111), thus:

b wa? g NI
2zaB, dz = — o —_—— (514.4
[ et = Tk B ($144)

Combining Egs. 514.1 and S14.4, we have:
NI ma® p NI o (N})’ &
- )

* T\%

= =-£ (3.418)
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