
 

 
152 CHAPTER 12 

Chapter 12 
 
1. Φ:  CGS:  5 ¥  104 Maxwells, English:  5 ¥  104 lines 
 B:  CGS:  8 Gauss, English:  51.62 lines/in.2 
 
2. Φ:  SI 6 ¥  10-4 Wb, English 60,000 lines 
 B:  SI 0.465 T, CGS 4.65 ¥  103 Gauss, English 30,000 lines/in.2 
 

3. a. B = = = 0.04 T 

 

4. a. R =  

 

 b. R = =  

 

 c. R =  

 
 from the above R (c) > R (a) > R (b) 
 

5. R = 
        

� 

F
Φ

=
400 At

4.2´10-4  Wb
= 952.4 ¥  103 At/Wb 

 

6. R = 
        

� 

F
Φ

=
120 gilberts

72,000 max wells
= 1.67 ¥  10-3 rels (CGS) 

 

7. 6 in. = 0.1524 m 

 H = 
        

� 

F
l

=
400 At

0.1524m
= 2624.67 At/m 

 

8. µ = = 4 ¥  10-4 Wb/Am 

 

9. B = = 0.33 T 

 Fig. 12.7:  H  800 At/m 
 NI = Hl fi I = Hl/N = (800 At/m)(0.2 m)/75 t = 2.13 A 
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10. B = = 0.6 T 

 Fig. 12.7, Hiron = 2500 At/m 
 Fig. 12.8, Hsteel = 70 At/m 
         NI = Hl(iron) + Hl(steel) 
 (100 t)I = (Hiron + Hsteel)l 
 (100 t)I = (2500 At/m + 70 At/m)0.3 m 

    I = = 7.71 A 

 
11. a. N1I1 + N2I2 = Hl 

  B = = 1 T 

  Fig. 12.7:  H  750 At/m 
  N1(2 A) + 30 At = (750 At/m)(0.2 m) 
         N1 = 60 t 
 

 b. µ = = 13.34 ¥  10-4 Wb/Am 

 

12. a. 80,000 lines = 8 ¥ 104 ¥ 10-8 Wb = 8 ¥ 10-4 Wb 

  l(cast steel) = 5.5 in. = 0.14 m 

  l(sheet steel) = 0.5 in. = 0.013 m 

  Area = 1 in.2 = 6.45 ¥ 10-4 m2 

   B = = 1.24 T 

   Fig 12.8:  Hsheet steel  460 At/m, Fig. 12.7:  Hcast steel  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. Cast steel:  µ = = 9.73 ¥  10-4 Wb/Am 

  Sheet steel:  µ = = 26.96 ¥  10-4 Wb/Am 
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13.  N1I + N2 =   +  

 (20 t)I + (30 t)I = " 
        (50 t)I = " 
 

 B = with 0.25 in.2 = 1.6 ¥ 10-4 m2 

 B = = 0.5 T 

 Fig. 12.8:  Hcast steel  280 At/m 
 Fig. 12.7:  Hcast iron  1500 At/m 

 lcast steel = 5.5 in. = 0.14 m 

 

 lcast iron = 2.5 in. = 0.064 m 

 
  (50 t)I = (280 At/m)(0.14 m) + (1500 At/m)(0.064 m) 
     50I = 39.20 + 96.00 = 135.20 
        I = 2.70 A 
 
14. a. lab = lef = 0.05 m, laf = 0.02 m, lbc = lde = 0.0085 m 
  NI = 2Hablab + 2Hbclbc + Hfalfa + Hglg 

   B = = 1.2 T fi H  360 At/m  (Fig. 12.8) 

   100I = 2(360 At/m)(0.05 m) + 2(360 At/m)(0.0085 m) 
     + (360 At/m)(0.02 m) + 7.97 ¥ 105(1.2 T)(0.003 m) 
    = 36 At + 6.12 At + 7.2 At + 2869 At 
   100I = 2918.32 At 
         I  29.18 A 
 
 b. air gap:  metal = 2869 At:49.72 At = 58.17:1 

  µsheet steel = = 3.33 ¥  10-3 Wb/Am 

  µair = 4π ¥  10-7 Wb/Am 
  µsheet steel:  µair = 3.33 ¥ 10-3 Wb/Am:4p ¥ 10-7  2627:1 
 

15. 4 cm = 0.04 m 

 f = NI (80 t)(0.9 A)   

   = 1.35 N 
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16. C = 2πr = (6.28)(0.3 m) = 1.88 m 

 B = = 1.54 T 

 Fig. 12.7:  Hsheet steel  2100 At/m 
 Hg = 7.97 ¥ 105Bg = (7.97 ¥ 105)(1.54 T) = 1.23 ¥ 106 At/m 
 N1I1 + N2I2 = Hglg + Hl(sheet steel) 
 (200 t)I1 + (40 t)(0.3 A) = (1.23 ¥ 106 At/m)(2 mm) + (2100 At/m)(1.88 m) 
                     I1 = 31.98 A 
 

17. a. 0.2 cm = 2 ¥ 10-3 m 

  A = = 0.79 ¥ 10-4 m2 

   NI = Hglg, Hg = 7.96 ¥ 105 Bg 

  (200 t)I = 
    

� 

(7.96´105 ) 0.2´10-4  Wb
0.79´10 -4  m2

æ 

è 
ç ç 

ö 

ø 
÷ ÷ 

é 

ë 
ê 
ê 

ù 

û 
ú 
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2 ¥ 10-3 m 

 
   I = 2.02 A 
 

 b. Bg =  = 0.25 T 

  F @  

      2 N 
 
18. Table: 

Section Φ(Wb) A(m2) B(T) H l(m) Hl 
a-b, g-h  5 ¥ 10-4   0.2  
b-c, f-g 2 ¥ 10-4 5 ¥ 10-4   0.1  
c-d, e-f 2 ¥ 10-4 5 ¥ 10-4   0.099  

a-h  5 ¥ 10-4   0.2  
b-g  2 ¥ 10-4   0.2  
d-e 2 ¥ 10-4 5 ¥ 10-4   0.002  
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 Bbc = Bcd = Bg = Bef = Bfg = = 0.4 T 

 Air gap:  Hg = 7.97 ¥ 105(0.4 T) = 3.19 ¥ 105 At/m 
        Hglg = (3.19 ¥ 105 At/m)(2 mm) = 638 At 
 Fig 12.8:  Hbc = Hcd = Hef = Hfg = 55 At/m 
  Hbclbc = Hfglfg = (55 At/m)(0.1 m) = 5.5 At 
  Hcdlcd = Heflef = (55 At/m)(0.099 m) = 5.45 At 
 
 For loop 2:  SF   = 0 
 Hbclbc + Hcdlcd + Hglg + Heflef + Hfglfg - Hgblgb = 0 
 5.5 At + 5.45 At + 638 At + 5.45 At + 5.50 At - Hgblgb = 0 
     Hgblgb = 659.90 At 

  and Hgb = = 3300 At/m 

  Fig 12.7:  Bgb  1.55 T 
  with Φ2 = BgbA = (1.55 T)(2 ¥ 10-4 m2) = 3.1 ¥ 10-4 Wb 
   ΦT = Φ1 + Φ2 
        = 2 ¥ 10-4 Wb + 3.1 ¥ 10-4 Wb 
        = 5.1 ¥ 10-4 Wb = Φab = Φha = Φgh 

  Bab = Bha = Bgh = = 1.02 T 

  B-H curve:  (Fig 12.8): 
   Hab = Hha = Hgh  180 At/m 
   Hablab = (180 At/m)(0.2 m) = 36 At 
   Hhalha = (180 At/m)(0.2 m) = 36 At 
   Hghlgh = (180 At/m)(0.2 m) = 36 At 
 
  which completes the table! 
 
 Loop #1:  SF   = 0 
  NI = Hablab + Hbglbg + Hghlgh + Hahlah 
  (200 t)I = 36 At + 659.49 At + 36 At + 36 At 
  (200 t)I = 767.49 At 
     I   3.84 A 
 
19. NI = Hl 
 l = 2πr = (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 
   Φ = BA = (0.68 T)(0.009 m2)  
   Φ = 6.12 mWb 
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20. NI = Hab(lab + lbc + lde + lef + lfa) + Hglg 
 300 At = Hab(0.8 m) + 7.97 ¥ 105 Bg(0.8 mm) 
 300 At = Hab(0.8 m) + 637.6 Bg 
  Assuming 637.6 Bg  Hab(0.8 m) 
  then 300 At = 637.6 Bg 
   and Bg = 0.47 T 
   Φ = BA = (0.47 T)(2 ¥ 10-4 m2) = 0.94 ¥ 10-4 Wb 
  Bab = Bg = 0.47 T fi H  270 At/m (Fig. 12.8) 
  300 At = (270 At/m)(0.8 m) + 637.6(0.47 T) 
  300 At π 515.67 At 
  \ Poor approximation! 

  ¥ 100% @ 58% 

  Reduce Φ to 58% 
   0.58(0.94 ¥ 10-4 Wb) = 0.55 ¥ 10-4 Wb 

  B = = 0.28 T fi H  190 At/m  (Fig. 12.8) 

  300 At = (190 At/m)(0.8 m) + 637.6(0.28 T) 
  300 At π 330.53 At 
  Reduce Φ another 10% = 0.55 ¥ 10-4 Wb - 0.1(0.55 ¥ 10-4 Wb) 
          = 0.495 ¥ 10-4 Wb 

  B = = 0.25 T fi H  175 At/m  (Fig. 12.7)  

  300 At = (175 At/m)(0.8) + 637.6(0.28 T) 
  300 At π 318.53 At but within 5% \ OK 
  Φ  0.55 ¥  10-4 Wb 
 
21. a. 1τ = 0.632 Tmax 
  Tmax  1.5 T for cast steel 
  0.632(1.5 T) = 0.945 T 
  At 0.945 T, H  700 At/m (Fig. 12.7) 
  \  B = 1.5 T(1 -  e-H/700 At/m) 
 
 b. H = 900 At/m: 

  B = 1.5 T
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= 1.09 T 

  Graph:   1.1 T 
  H = 1800 At/m: 

  B = 1.5 T
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  Graph:   1.38 T 
  H = 2700 At/m: 

  B = 1.5
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= 1.47 T 

  Graph:   1.47 T 
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  Excellent comparison! 
 
 c. B = 1.5 T(1 - e-H/700 At/m) = 1.5 T - 1.5 Te-H/700 At/m 
  B - 1.5 T = -1.5 Te-H/700 At/m 
  1.5 - B = 1.5 Te-H/700 At/m 

  = e-H/700 At/m 

  loge
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1- B
1.5 T
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  and H = -700 loge
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 d. B = 1 T: 

   H = -700 loge
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1.5 T
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   Graph:   750 At/m 
  B = 1.4 T:  

   H = -700 loge
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   Graph:   1920 At/m 
 

 e. H = -700 loge
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     = -700 loge

    

� 

1- 0.2 T
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     = 100.2 At/m 

  I = = 40.1 mA 

 
    vs 44 mA for Ex. 12.1 
 


