Chapter 12

1. ®: CGS: 5x 10* Maxwells, English: 5 x 10* lines
B: CGS: 8 Gauss, English: 51.62 lines/in.>

2. ®: SI6x 107 Wb, English 60,000 lines
B: S10.465 T, CGS 4.65 x 10° Gauss, English 30,000 lines/in.

—4
5.0 a0 =2 PO Wh_ 50,
A 0.01lm
o 0.06 m 300
4. a. AR=—= - =
A p2x107"m” pm
1 0.0762m 152.4
b. R=—= - =
A  p5x107 m 4 m
1 0.1m 1000
c. DR= = =

PA plx10*m? pm

from the above &# ©> R@> R (b

O 400 A
s o= 22— 2OM 45 4% 10 AUWD
O  42x10™ Wb
_ .
6. o= 2 120gilberts o0 1070 rels (CGS)
@ 72,000 max wells
1m
7. 6 . ~0.1524 m
M 9375 ]
)
=22 AO0AL 62467 At/m
[~ 0.1524m
—4
N Lo 2B_20200x107T) i
H 600 At/m
-4
o. p=2 1010 Wb_ 05
A 3x107° m?

Fig. 12.7: H = 800 At/m
NI= HI = I= HI/N = (300 Atm)(0.2 m)/75 t=2.13 A
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4
0. p-2- 310 Wb_p
A 5%x107" m
Fig. 12.7, Hy;on = 2500 At/m
Fig. 12.8, Hgeel = 70 At/m
NI = Hlirony T Hlsteey
(100 t)] = (Hiron + Hiteer)!
(100 6] = (2500 At/m + 70 At/m)0.3 m
771 A

I=—=771A
100

11. a. N1]1+N212:Hl
—4
po D_12I0MWh
A 12x107" m
Fig. 12.7: H = 750 At/m

Ni(2 A) + 30 At = (750 At/m)(0.2 m)

N =60t
B 1T
b. u=-—=———=13.34%x 10" Wb/Am
H 750 At/m
. 1 Wb 4 4
12. a. 80,0001/1n—e§ T =8x%x 10" x 107 Wb=8 x 107" Wb
0° Lin€s
Im
Licast steel) = 5.5 i =0.14m
(omtatest = 5.2 I 9.37jn<]
Im
lsee stee :OS . :0013m
(hestsas) = 5. I8 9.37jn<]
Area=1 jn? [[Im L Im ] s 10 m?
B9.37m | B9.37 .

-4
~2_ B0 Wb o
4 645x10* m

Fig 12.8: Hgpeetsteel = 460 At/m, Fig. 12.7: Heaststeer = 1275 At/m

NI= Hl(sheet steel) + Hl(cast iron)
= (460 At/m)(0.013 m) + (1275 At/m)(0.14 m)
=5.98 At + 178.50 At

NI=184.48 At

b. Caststeel: u= B__12XT 403410 Wh/Am
H 1275At/m

Sheet steel: u = B__123T _ 5696x 10 Wh/Am
H 460 At/m
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13. NI+ N, = HI + Hl
e e
cast steel  cast iron
20 t)/+ (30 t)I = "
(50t = !

B= Lwitho2sim? ™ T Ly 6y i0etm?
A B9.37irr. | 39.37

5 0-8x107 Wb
1.6 x10™* m?

Fig. 12.8: Heugseal = 280 At/m

Fig. 12.7: Hegtiron = 1500 At/m

Im
leas et = 5.5 it H ~0.14m
el = 3.3 387 9.37)'«.]

[ 1m
lcas iron — 2.5 jw =0.064 m
‘ M Bos7 ,'m/.]

=05T

(50 ) = (280 At/m)(0.14 m) + (1500 At/m)(0.064 m)
507 = 39.20 + 96.00 = 135.20
=270 A

14, a ly=1,=0.05m, ly=0.02 m, . = s, = 0.0085 m
NI=2Hl,p + 2Hp I, + Hfalfa + Hglg
4
p= L2 ZBI0 Wb _ s 1 i = 360 AUm (Fig. 12.8)
A 2x107"m
1007 = 2(360 At/m)(0.05 m) + 2(360 At/m)(0.0085 m)
+ (360 At/m)(0.02 m) + 7.97 x 10%(1.2 T)(0.003 m)
=36 At+6.12 At+7.2 At + 2869 At
1007/=2918.32 At
1=29.18 A

b.  air gap: metal = 2869 At:49.72 At=158.17:1

Hsheet steel — E = & =333 X 10_3 Wb/Am
H 360 At/m

Lair = 47 X 107 Wb/Am
Lshoet sieel’ fair = 3.33 X 107 Wb/Am:4mwx 107 = 2627:1

Im
15, 4 % = 0.04m
- oocm}

_1yde_1
f= S NI—==— (80009 A)

(810 Wb—0.5x10"* Wb) _36(7.5x10™")
%(0.04 m) 0.02

=135N

154 CHAPTER 12



16.  C=2mr=(6.28)(0.3m)=1.88m
—4
p-2-2XI0 Wb, 5q
4 13x10%*m
Fig. 12.7: Hypeotstea = 2100 At/m
H,=7.97 % 10°B, = (7.97 x 10°)(1.54 T) = 1.23 x 10° At/m
Ny + Noby = Holg + Hlgheet steel)
(200 t); + (40 £)(0.3 A) = (1.23 x 10° At/m)(2 mm) + (2100 At/m)(1.88 m)
I,=31.98 A

17.  a  02car %}—mlo-ﬂn
00 car

md® _ (3.14)(0.01m)’

4 4
NI = H,l,, Hy=7.96 x 10° B,

-4
(200 t)] = [(7.96>< 10° )[Mﬂz x 107 m

=0.79 x 10 m?

A=

0.79x10™* m?
1=2.02A

-4
b. B, CDZM:()_%T

4 079%10% m?
1834 _1(025T)(0.79x10~ m)

F=
2y, 2 47 x1077
= 2N
18. Table:
Section O(Wb) A(m?) B(T) H I(m) Hi
a-b, g-h 5%x10™ 0.2
b—c, f-g 2x 107 5% 107 0.1
c—d, e—f 2x 107 5% 107 0.099
a—h 5% 107 0.2
b—g 2x 107 0.2
d—e 2x 107 5%x10™ 0.002
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® 2x107* Wb
By =B.y=B,=B,=Bj= VR T 04T
Air gap: H,=7.97 x 10°(0.4 T) =3.19 x 10° At/m
H,, = (3.19 x 10° At/m)(2 mm) = 638 At
Fig 12.8: Hy.= H.q= Hy= Hj = 55 At/m
Hyelye = Hylyp = (55 At/m)(0.1 m) = 5.5 At
Hedlea = Holor= (55 At/m)(0.099 m) = 5.45 At

For loop 2: 2%=0

Hylp + Hoglog + Hglg + H@a’ef'i‘ Hfglfg - Hgblgb =0

S5At+545At+ 638 At+5.45 At+5.50 At — Hyley, =0
Hyly = 659.90 At

90 A
and Hy, = %— 3300 At/m
.2

Fig12.7: By = 1.55T
with @, = Byd = (1.55 T)(2 x 10 m*) = 3.1 x 10™* Wb
(DT: (I)l + q)z
=2x10"* Wb +3.1x 107 Wb
=5.1%x 107 Wb = @, = @), = Dy,
@, 51x107* Wb _
Bab Bha th A 5)(104 m2 102 T
B—H curve: (Fig 12.8):
Hab = Hha = Hg}, = 180 At/m
Haplp = (180 At/m)(0.2 m) = 36 At
Hyalpa = (180 At/m)(0.2 m) = 36 At
Hgilyy = (180 At/m)(0.2 m) = 36 At

which completes the table!

Loop #1: X&F =0
NI = Hablab + Hbglbg + thlgh + Hahlah
(200 t)/ =36 At + 659.49 At+ 36 At +36 At

(200 t)I = 767.49 At
I =384A

19.  NI=Hl
I=2mr=(6.28)(0.08 m) = 0.50 m
(100 t)(2 A) = H(0.50 m)
H =400 At/m
Fig. 12.8: B = 0.68 T
® = BA = (0.68 T)(0.009 m?)
® = 6.12 mWb
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20. NI= Hup(lap + lne + Lae + Lor+ 1) + Hlg
300 At = H,(0.8 m) + 7.97 x 10° B,(0.8 mm)
300 At= H,(0.8 m) + 637.6 B,
Assuming 637.6 B, > H,(0.8 m)
then 300 At= 637.6 B,
and B,=047T
®=BA=(047T)2x 10" m?)=0.94 x 10* Wb
By=B,=047T = H = 270 At/m (Fig. 12.8)
300 At= (270 At/m)(0.8 m) + 637.6(0.47 T)
300 At Z515.67 At
". Poor approximation!
300 At

515.67 At
Reduce @ to 58%
0.58(0.94 x 10™* Wb) = 0.55 x 10~ Wb

-4
_ P _055x10 " Wb _ 581 1 = 190 Atm (Fig. 12.8)

A4 2x107*m?
300 At = (190 At/m)(0.8 m) + 637.6(0.28 T)
300 At # 330.53 At
Reduce @ another 10% = 0.55 x 10 Wb — 0.1(0.55 x 10 Wb)
=0.495x 10 Wb
@ 0.495x107* Wb
A 2x107 m?

300 At = (175 At/m)(0.8) + 637.6(0.28 T)
300 At # 318.53 At but within 5% .. OK
® = 0.55x 10°* Wb

x 100% = 58%

=025T= H = 175 At/m (Fig. 12.7)

21. a. 11=0.632 T
Tmax = 1.5 T for cast steel
0.632(1.5T)=0945T
At0.945 T, H = 700 At/m (Fig. 12.7)
B=1.5T(1 — ¢HM0atm)

b. H=900 At/m:
900 At/m
B=15T|1-¢ 70AM |=109T

Graph: = 11T
H=1800 At/m:

1800 At/m
B=15T|1-¢ 70AM |= 130T

Graph: = 1.38T
H=2700 At/m:

2700 At/m
B=15|1-¢ ™A™ 1=147T

Graph: = 147T
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Excellent comparison!

B=1.5 T(l _ e—H/700 At/m) —15T-15 Te_H/700 At/m
B—-15T=-15 Te—H/7OOAt/m

1 5 —B=1 5 Te—H/700At/m

15T-B _ _—HI700 At/m

15T

B -H
log.| 1- =
( 1.5 TJ 700 At/m

B
and H=-700 log,| 1 - ——
15T

B=1T:

1T
H=-7001log.| 1 - —— [=769.03 At/m
15T

Graph: = 750 At/m
B=14T:

14T

H=-7001og,| 1 - —— |=1895.64 At/m
15T

Graph: = 1920 At/m

B
H=-7001og,|1-——
15T

02T

=-700 log,| 1 - —=—
15T

=100.2 At/m

;= HI_ (1002 AUm)O.16m) _ o

N 400t

vs 44 mA for Ex. 12.1
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