R 28

213

212
CHAPTER 8
P.E. 8.1
(a) F=m@:QE:6a,N
ot =
ou 0

(b)§=6az=5(ux,uy,u:) =
O
u‘:O—nzrzA
ot '
ou,

—=0—>u, =B

ot ¥

ou

—2=6->u =6t+C
ot ’

Since u(r=0)=0, A=B=C=0
ux=0=uy u,=6t
ur=g=0-—>x:A

ot

dy
u =—=0->y=28
Yot 4
u__=%=6t—>z=3r2+C]

ot

At t=0, (x,y,2)=(0,0,0) - A1=0=B;=C,
Hence, (x,y,z) = (0,0,3t2),
u = 6ta_at any time. AtP(0,0,12), z=12 =3t> - t=2s

t =2s

(c) u=6ta, =12a, m/s.
ou
a:—:6 m 3
ot % A

d) K.E =%mju|2 :%(1)(144) =72J

P.E. 8.2
(a) ma =eux B = (eBouy, -€Bouy, 0)

d’x eB, dy dy
e =
dt m dt dt

(M

12 m dt dt
2
L Y
dt” dt
From (1) and (2),

Lx_ody_ &

—=0 @
dar’ dr? dt

(D? + w?D)x = 0 — Dx = (0, Hjo)x
X = ¢ + c3cosmt +cysinmt

dy 1d’x .
— = ———=—(,@Cos Wl — ¢, Sin &t
d o dt

At t=0, u=(a,0, ). Hence,

a
¢, =p,¢6,=0,c,=—
@

(b) Solving these yields

a . a
x=—sinmt,y=—cosat,z = [t
@ @

The starting point of the particle is (0, 2 ,0)
@

2

2 2_ @ _
“‘—T,Z—Bt
[0}

(c) X"ty

P.E. 8.3

E=uB=8x10°%0.5x10°=4kV/m

(b) Yes, since QuB = QE holds for any Q and m.

2)

€)

showing that the particles move along a helix of radius % placed along the z-axis.

(a) From Example 8.3, QuB = QE regardless of the sign of the charge.
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P.E. 8.4

By Newton’s 3" law, F,, = F,,, the force on the infinitely long wire is:

1 1
F=-F =l L
2. p, pP,ta

)a,

47x107 x50x3(1 1

= 27[ (5—'_jap=5ap ‘[JN
P.E. 8.5

m=ISan=10x10"4x50(2’6+H3)

=7.143x 107 (2, 6, -3)
=(1.429a, +4.286a,—2.143a,)x10” A-m’

P.E. 8.6
A 2 6 -3
T —mx g = 10X10 x50‘
(a) 7x10 6 4 5
=0.03a, -0.02a,-0.02a¢, N-m

(b)  |T|=ISBsin6— |T| =1ISB

-3
|, =20x10 |6a, +4a, +5a, |= 0.04387 Nm
P.E.8.7
@ p=L=46g,=p-1=36
Hy =
-3 —y
o m=2-1010¢ . iim =173067%, A

=;l”_ 4rx107 x4.6 °
(c) M =y, H =6228¢"a, A/m

P.E. 8.8
3a,+4a, 6a +8a,
"5 10
6+32)6a._+8a.
Bln = (‘Bl .an)an = ( )( ~ ).)
1000
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=0.228a, +0.304a,=B,,
B, =B B, =-0.128a, +0.096a, +0.2a,

B, =2 B, =10B, =-1.284, +0.96a,+2a,
n

B, =B, +B, =-1.052a, +1.264a,+2a, Wb/m’

P.E. 8.9
(a) B,=8, »>uH, = ,H,

or yyH ea,, =u,H,ea,,
(60+2—36):2# (6H,, —-10-12)

#0 7 (] 7
35=6H,,
H,, =5.833 A/m

(b) K=(H -H,)xa,,=a,x(H ~-H,)

= 4,,x[10,1,12)-3%,5,4)|
116 2 -3
TP 6 8

K =4.86a, -8.64a, +3.95a, A/m

(c) Since B=uH , B, and H, are parallel, i.e. they make the same angle with the
normal to the interface.
H, ea,, _ 26

cosf, = = =0.2373
=] 7J100+1+144
6,=76.27°
L = =0.2144
H,| 758332 +25+16
6, =77.62°
P.E.8.10

(a) L'= pun’S =47x107 x1000x16x10° x4x10™

= 8.042 H/m
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by W, //Lﬂ—/QSMBmS)=;E§Mn

P.E.8.11 From Example 8.11,

Lin = #ﬂ[
87

L’ext=L"-L’3n=12-0.05=1.15 pH/m

(b) L’:ii{l+md‘“}

27| 4 a
' -6
ind—a:bnﬂ ~02 5_27rx].2x_]?0 025
a U, 47x10
=6-0.25=5.75
d-a_ 1 _31419
a
-3
d—a:314.19a=314.19x%=406.6mm

d = 407.9mm = 40.79cm
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P.E. 8.13
This is similar to Example 8.13. In this case, however, h=0 so that
u,1a’b
A=
#oha® pHoha’
o =L 2mp = LI
" _#a ,uon‘a 47rx10‘7x7r><4
o 2 2x3
=2.632 uH
P.E. 8.14
Ly, = Hog=Ko20s _ 47x107 x10x107
87 87 4
=31.42 nH
P.E. 8.15

(a) From Example 7.6,

B _HN_ pNI
ave l 2 ﬂ'po

§=BppoS =L g2
27p,

20,6  2x10x107x0.5%107

or [ = =
ua’ N 4rx107x107 %103

=795.77A

Alternatively, using circuit approach
I 2mp, 2mp,

P e
HS  4,S  pma
=NI = ;zii)i‘ 2 "¢, as obtained before.
N pa’N
-2
Y T ST

pa®  4xx1077x10
= M =0.5x107x1.591x10°=7.9577x10°

I= % =795.77A4 as obtained before.

(b)  If u=500u,,
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;19577 | son
500 =—
P.E. 8.16
2 2 -4
5o BleS (L5 x10x10 22500 _ goc sy

2u,  2x4zx107 87 I

Prob. 8.1
F = q(E +uxB)
fF =0 E = —uxB = Bxu
10 20 30
= x10°x10™
3 12 -4
E = —44a +13a, +6a,kVim
Prob. 8.2

F=mo’r =9.11x107" x (2x10')*(0.4x107"°) =14.576 nN

Prob. 8.3

3
From Example 8.3, QuB = QF & e % _ 10><110
1

K.E. :«2-muz = %x1.673x 1077 x10% =8.365%x107%° J

Prob. 8.4
(a) F=ma=0Q(FE+uxB)

d
—(u,u,u,)=2|-4a +
dr("- 2 { :

u, U, U,
g 0’ 0 =-8a,+10u,a,-10u a,

d.
ie. —==0—>u_ =4 1
7 U, 1 ( )
duy 8+10 2
=-8+10u,
dt : )
&:—10111 (3)

dt
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d*u
Yy —04+10% = 1004,
dt dt

t, +100u, =0 — u, = B, cos10¢ + B, sin10¢
From (2),

10u, =8+u, =8-10B,sin10z +10B, cos10¢

u,=0.8-B;sin10t +B,cos10t

Att=0, u=0-> 4 =0,B,=0,B,=—0.8

Hence,
u=(0, -0.8sin10¢, 0.8 —-0.8cos10¢) (4)
u, = fjﬁ =0—>x=¢q
dt
u, = % =—0.8s5in10¢ — y =0.08cos10z + ¢,
dz :
u,= r i 0.8—0.8cos10f — z = 0.8¢ + ¢, — 0.08sin10¢
Att=0, (x,y,2)=(2,3,-4) > C1=2, ¢;=2.92, ¢3=-4

Hence (%, vy, z) = (2, 2.92 + 0.08cos10t, 0.8t — 0.08sin10t — 4)

Att=1,
(x,y,2z)=(2,2.853, -3.156)

(b) From (4), at t=1, u=(0,-0.435,1.471) m/s

K.E. = %m|u|2 =%(1)(0.4352 +1.471>) =1.177J

Prob. 8.5
ma =Qux B
10%a=-2x102]* " "
0 6 0
-Ci(u u u)=012u_,0,-12u )
dt x3Fys™z z2 x
ie. d;; =12u, (1)
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d
.% =0>u, =4 @)
% - _12u, 3)
From (1) and (3),

ii, =124, = -144u,

or

i, +144u, =0 —->u, =c ,cosl2t+c,sinl2t

From (1), u= - c;sinl2t + cocos12t

At =0,
ux=5, l.ly=0, UZZO —> A1=0=CQ, C]=5

Hence,
u=(5cos12t,0,-5sin12¢)

u(t =10s) =(5c0s120,0,-5sin120) = 4.071a, —2.903a, m/s

dx
N S ol
U =— —Sc0312t——>x—ﬁzsml2t+3,
dy
u =—=0—->y=28
Yoodt A
dz
U == = _5sin12t = z = 9/ cos12t + B
z df A2 3

At =0, (x, v, 2) = (0, 1, 2) — B,=0, By=1, B;%

S . 5 19]
(x,y,2) = (1231n12r,1,]200312t+ 13 (4)
At t=10s,
5 5 19}
Y,2) = | 758in120,1,7=cos 120+ -/ =(0.2419,1,1.923
(x,5,2) (12sm]20112<:os] 0+]2 0.2

By eliminating t from (4),
x*+(z —1%2)2 = (%2)2, y =1 which is a circle in the y=1 plane with center at
(0,1,19/12). The particle gyrates.
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Prob. 8.6
(a) ma =—e(uxB)
md ue W, U, ~ ~
_;z[(l{,auy,uz)z 0 0 B =u)BDax—BDuIa}
[
du,
—Z=0->u,=c=0
dt
du Be Be
L=-u,—~=-yw, where w= —2
dt m m
du
L =uw
dt
Hence,
i T
U, =-wi,=-wu,
or i, + wzux =0—u, = Acoswt + Bsinwt
u, .
U, =——== Asinwi — Bcoswt

y

w
At =0, ux =u,, uy =0 —> A =u,, B=0

Hence,
dx u, .
U, =u,Ccoswt=—— x=-2sinwt +¢
dt w
dy

: u
U, =u,sInwt=—— y=——coswl+c,
: dt w

U
Att=0,x=0=y — ¢;=0, c;=—=. Hence,
w

. u
x=—=sinwt,y =—=(1-coswrt)

w
u? . 2 u
—30-((:052 wt +sin’ wt) = (—"] =x%4 (y— _0)2
w w w
showing that the electron would move in a circle centered at (0, Ko ). But since the field

w

does not exist throughout the circular region, the electron passes through a semi-circle

and leaves the field horizontally.

(b)  d=twice the radius of the semi-circle
_ 2u, _2u,m

w B e

o
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Prob. 8.7
A A A
g
v M8
m=0.4x10" kg g =9.81m/s’
Vv, =12000 V d =8x1072 m
E=2 _15x10° V/m
d
3
g _mg _ 0.4x10 ><59.81 = 26.16nC
E 1.5x10
Prob. 8.8
02
F= (IdlxB = [2dy(-a,)x (4a,~8a.)
0
a, a, a,
(-a,)x(4a,-8a,)=|10 -1 0|=8a +4a,
4 0 -8
=2(8a,+4a,)(0.2)=3.2a_+1.6a, N
Prob. 8.9
F=ILxB—> F=F 1 xp, - LIl %%
L 2mp
a, x(—a )4r =107 (~100)(200
(a) F, == (a,) = ( X )=4a)r mN/m (repulsive)
/1 —_—
(b) F,, =-F,, =—4a_ mN/m (repulsive)
4 3 3 4
(c) a,xa,=a, x(—ga +§a})——gax——§ay,,o:5
4;:x10"(—3x10“)( 3 4
31 = —_a:_—av
27(5) 5 5°

=0.72a, +0.96a, mN/m (attractive)

(d) FJ:F31+F32
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47x107 x6x10%)

7 I (az
27(3)

F, =-3.28a,+0.96a, mN/m

X ay) = —4a, mN/m(attractive)

(attractive due to L, and repulsive due to L;)

Prob. 8.10

_p I, Arx107(10)10
27p  2m(20x107)

=100 uN

Prob. 8.11
W=-[Fedl, F=[LdixB=32a)xcos a,

F =6cos%éz’¢ N

2z
:—J6cos%pod¢=—6pox3sin% ]
« 27
=-1.8sin " =-L559 J
Prob. 8.12
-7
F = j”° ! dea 4’”‘10 (2)(5)]n/a:

(a) b2 270
=2In3a, uN =2.197a, uN

(b) F,= J-Izd"z x B,

L ¢l

:% -[;[dpap +dza2]xa¢
IL ¢l

:!i’z—;r—z I;[dpa: _dzapil

But p = z+2, dz=dp

F,= 4rx1077

(5)(2) j [dpa_.—dzap]
21n2/(a —a,)uN =1.386a,—1.386a.a,uN

F, = #"2;] J;[dpa:—dzapj
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Butz=-p+6,dz=-dp

& ‘
F,= %(5)(2{;!&%@ pa, ~dza, |
2% (a, +a,)uN =-0.8109a, -0.8109a,uN
F =F+F, +F,
=a (In4+In4-n9)+a,(n9-In4+In4-In9)
=0.575a, uN
Prob. 8.13

From Prob. 8.7,

:#1}1112(1
2mp
fsz“hﬁc
47 %107 x75%150
lfA(,' |=| fgc |:

2rx2
f =2x1.125¢c0s30°a, mN/m

p

=1.125%107°

=1.949a, mN/m

Prob. 8.14
The field due to the current sheet is

B=LKxa,=£210a,x(-a,) =54 a,
2 2 :
L
F=1, [dl,xB =25 [dxa, x(5pu,a,)=2.5Lx5u,(a,)
0

%=12.5x4ﬂx10'7(a_,)=15.7laz 4N/m

Prob. 8.15

4

F = (IdIx B = ILx B =5(2a,)x40a,10” = 0.4a, N

2725

Prob. 8.16
50

40
% 2,10 A
20
10
0
10
20
0 3,10 A

40

-50

-50 0

Let B=B, +B, + B, + B,

where B, = /u“—#’]a
2mp

For(l), a,=a,xa,=a.,x(-a)=a,

¢

_ 4rx107 x2000x10

B, s
2rx20x10

a =02a,

For (2), p=6a,-2a,,

(6a,-2a,) (-2a,—6a))
a,=-a,x Y~ = : 2
<40 J40
47 %107 x2000x10
B, = z
27 x400x10°

(—2a, - 6a_v)

=-0.02a, -0.06a,
For (3), p=6a,+6a ,
(6a,+6a,) (—ba +6a,)
e Z =

a,=a,
7} J72

30 mm

1, 10 A

40 mm

, =10 A

50
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47 %107 x2000x10
= ——(—6a
2 x720%10
=-0.03333a, +0.03333a

For (4), a,=~a,xa,=a

B,

+6a,)

x ¥

x?

47x107" x2000x10
B = T a_=0.06667a,

B=(Q+%- Vi~ Vx10"a, +(- 3+ Y)x10™a,

= 0.21333a, —0.02667a, Wb/m’

Note: We have not considered the idea of magnetic images in this problem.

Prob. 8.17
f(x,y,Z)=x+2y“‘SZ—12=0 —_— Vf=a1+2ay_.5a:

Vf a,+2a,-5a,
an = =
IVf V30

0~ (a + Zay -5a,)

30

m = NISa, =2x60x8x1

=17.53a, +35.05a, - 87.64a, mAm
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Prob. 8.18

k ;
B = r—3(20039ar +sinfa,)

At(l0,0,0),l‘: 10, 9:”2,(1’_:(1 a'g:_a:

-0.5x107a, = %(O—a:) — k=0.5

Thus,
0.5 .

B = 75-(2(:059&, +sinfa,)
(a) At (0, 3,0), =3, 8= 77,0, =a,a,=-a,
0.5
27
(b)  At(3,4,0), =5, 6= :y,ag = -a,

B=—(0-a,)=-18.52a. mWb/m’

B=9-5—(0—a,)=—4a, mWb/m?
125 e *

© At 1-), =43, o=/ =V2/ ie.
s.in&’=\/%/§,cose9:—y\/5

0.5 N
B=—r 1 % 7 =—111a, +78.6a, mWb/m?
3\/.?:( K/—ja, \/—gag) a, a, mWb/m

Prob. 8.19
Let F=F +F,+F,

0
F, = [Idix B = [2dsa,x30a, mN A
5
0
=-60a x 5 =300a, mN 5 B
5
F, = |\2dya ,x30a, mN
= [pae n :
5 >
=60a,y 0 300a, mN 5
5
F, = [2(dxa, +dza,)x30a, mN
0
B 5
=60(-a )x 0 =-300a, mN
F =F, +F, + F, =300a,+300a, -300a, mN=300a, mN
T=mxB=1ISa,xB= 2(—;—)(5)(5)ay x30:1210'3 =0.75a, N.m
Prob. 8.20
B
(@ M= xH = 1,
Hol
~ o el o 5800 Al
5000 47 %10
N
2.m,
o) M= ¥
Av
If we assume that all m, align with the applied B field,
]
M = Nm, 5> m = Nm, 1.193x1208
Av fy 8.5x10
Av
m, = 1.404x10% A.m’
Prob. 8.21

@) 7, =p —-1=46-1=3.6




B Sxa

(b) H = 2 =865xa, kA/m

MM, T 4zx107 x4.6

(c) M=y H=3114xa, kA/m = 3.114xa, MA/m

Prob. 8.22
@ tn =
(b) H =
) M =
(d) Jb =
Prob. 8.23
For case 1,
M
Hy
Xm
MI
For case 2,
H
Hy
Am
M
AM

M-l =35
-3
E ﬂ_%lO__ = 7073ya, A/m
H 47x107 x4.5
InH = 2.476ya, kA/m
o 8 a|
VxM = | ox dy oz | = 3 La,
0 0 M) Y
2.476a,_ kA/m’
N R
H, 1200
Y B VL B VY
H, 600 4zx107
= p-1= 13253
- 2.H = 1590366
B 14
H, 400
A o M T 97852
s 400 47x107
= 4 -1 = 27842
= r.H = 1113630
= M,-M, = -476,680
= -476.7 KA/m

!
!
]
!
.
:
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Prob. 8.24
jH-ar = 1,
2
o Ip
H,2zp = —.1 — H, =
e wa’ ¢ 27ra’
Ip
M = H = -1 a
Am (Jur ) 272'&2 ¢
J, = VxM = el (pM,) a, = (4.-1) —~—{~2—a
p op za
Prob. 8.25
(a) From H)— Hy =K and M = y,H, we obtain:
My My _
Ami Zm2
Also from By, — By, =0 and B = pH = (p/ym)M, we get:
mM,, _ MM,
Zm] Zm2
(b) From B]COSB] = B;n = Bgn = BzCOSBz (1)
and 208 _ 1 ko H, —k+ 250G @)
H Hy
Dividing (2) by (1) gives
tan6) & i tand, tand, 1+ ki,
Hy Bycost, w4 B,sin6,
1.€. ___tané’l =L 1+—k;:12
tand, u, B, siné@,
Prob. 8.26
B2n = Bin = 30a:

B
e 2t 11
HZ] H“ _L_.) — —

2
B, =2 B, = 2% (304, -154,) = 400a, -300a,

1 0
B, = B,, + B, =400a, —300a, +30a, mWb/m’
B, _ (400,-300,30)

H. =
o, 4rx107(20)

=15.915a, -11.94a, +1.194a, KA/m
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Prob. 8.27
H, =H, =aa_+0a,
B, =8B, — uH,=pH,
H2n =&th = lur] ﬁay
2 H
. /url
H=aa +~"fa, +3a,
#r2
Prob. 8.28 (@ B, =B, = 15a,
B B
H, = H, - —L = =&
H Hy
2
B, = %Bm = < (10a, - 20a,) = 4a, - 8a,
Hence,
B, = 4a, +15a, — 8a, mWb/m’
2 4% +15% +8*)x10°°
(b) W = lB]"H] = i = ( ) 7
2 24, 2x2x47xx10°
w,, = 60.68 J/m’
2 10 +15* +20% )x10°
Wy = oL = ( )"7 = 577 J/m’
2u, 2x5x47xx10 e
Prob. 8.29
\n
Y
Medium 2 Mifl;um ]
e =10 N
X
1 1
(a) Wml = EBI.H] E‘LID#T]HI.Hl t] #r = l
W

= %x47[x10_? x1 (16+9+1)

= 1634 uJ/m’
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|

() fix,y) = 2x+y-8 =0
vf 2a +a
Vf = 2 , LT Sk )
a, +a,, a ]Vf| 7
-8+3
H, & = (H -a)a, = ( 3 )(Zax+ay) = -2a,-a,

H, = H-H, = —2ax+4ay—az:H2!
B, =B, - wH, = pH,

H 1
H, = —H, 6 = — |(-2a,-a
2n [—12 In 10 ( X y)
= —0.2a,-0.1a,

H,=H, +H, =-22a,+39a,-a,

M,=y,H,=9H,=-198a, +35.1a, -9, A/m

B, =1, H, =10 H, =47 x(-2.2,3.9,~1) xWb/m’

=-27.65a, +4%,-12.57a, pWb/m’

(c) H,%a, = H cos6,

Hea, (-8+3)/V5

cosé =
] H, J16+9+1

=-0.4385 —— 6,=116°

H,ea, (-44+3.9)/\5

cosf, = =-0.0487 —— 6=92.8°
H, 4.588 —_—
. -2a_ -—a
If the unit normal is defined as a, = (—\/EL] , the above angles would be acute.
Prob. 8.30
a,=a,

B, =B, =22ua,

B, B
H21=le ? —thm ot

H, K
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;12 [10
B, =—*~B, = 45pu.a,)=0.05625,a
2t : 1t 800#0 ( #a ¢) :uo @

B, = i1,(22a,,+0.05625a,) Wb/m®

Prob. 8.31

H, =-3a,, H, =10a, +15a
H, =H, =10a +15a,

£

o, =%H =t (3a)=—0015,
] 200

H, =10a,+15a,-0.015a,
B, =y, H, =200x47x107(10,15,-0.015)

B, =2.5la,+3.77a,-0.0037a, mWb/m’

B
tana = =2~

2t

0.0037

or o= tan" —_—_————
V251243772

=]

= 0.047

Prob. 8.32

(a)

(b)

(c)

H=Y) Kxa, =, (30-40)a,x(-a,)=-5a, A/m

B =y, H =47x107(-5a,) = —6.28a 1 Wb/m’

H= %(—30—40)ay =-35a, A/m

B=p,uH=4rx10"(2.5)(-35a,)=-110a, xWb/m’

H= %(—30+40)a), =5a,

B = p1,H =6.283a 4 Wb/m’
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Prob. 8.33
(a) The square cross-section of the toroid is shown below. Let (u,v) be the local

coordinates and p, =mean radius. Using Ampere’s law around a circle passing
through P, we get

0,p,) "

NI

HQ2r)p,+v)=Nl ——> H=— """
27(p, +v)

The flux per turn is

al? al2
v= | | Biludi= ey | Bl 2
2 p,—al2

u=—al2 v=—al2

L

_NY¥Y _u,N'a In 2p,+a
I 2r 2p,—a

(b) The circular cross-section of the toroid is shown below. Let (r,0) be the local
coordinates. Consider a point P(7cos@, p, +rsin@ ) and apply Ampere’s law

around a circle that passes through P.

HQr)p, +rsin@)=NI —— H= NI NI (l_rsmﬁ]

27n(p, +rsind) N 2mp, 2,
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a 2x .
Flux perturn ¥ = I I#NI( rsm&}drdg_;u\’f ? @n)
P

r0527rp0 po
L“ﬂ_#N2a2
I 2p,

Or from Example 8.10,

NUS  pN’ma®  p N’a

L e Ll] = /uo . =
! 27p, 2p,

Prob. 8.34

From Problem 8.33,

| _ HN'S _ 47107 X(450x7(107

= = 800uH
/ 0.1 o
Prob. 8.35
Recall the solution of problem 8.33.
P, :%(3+5)=4cm
a=2cm
2
L:,uuN am{2p0+aj|
2r 2p,—a
N = 2zL B 27(45%x107°%) . = 22,023.17
u,aln 2p,t+a 47rx10‘7(2x10-2)1 ( ]
2p,—a 8-2

N =148.4 or 148

Prob. 8.36

HE g B

> {
" 8 “ 2r a

¥ I, =1, —> 4nZ=1 — 21284

a
b=1284x8 mm=10.272 mm

Q

Prob. 8.37
From Table 8.3,

r=lid

T a

d_zLl{_z(1.37x10°)

—=3.425
a u, 4z x10
doem  —y g=2 12 _40301m
a e 30.72
a =391 cm
Prob. 8.38

-7
L':i[iﬂné} =4—”il—9—[0.25+1n(6/2.5)] =225 nH
27| 4 a 27 -

Prob. 8.39
Ml b atp,
v, = [BiedS= | _[—dd Z=In
p=p, z=0 ﬂp T po
fwn = NWI? - Niuob ln a+pa
I 2 P.

ForN=1,
A, =Y By AT,

I, 2x P,
3 4 %1077

()In2 = 0.1386u H

Prob. 8.40

We may approximate the longer solenoid as infinite so that B, = LNy

the second solenoid is:

w,=N,BS, = #"N]oyrqz[w
/

_¥y _ NN, '7”'12
I h

Here we assume air-core solenoids.

2

1

4 . The flux linking




4

Alternatively,

Prob.841
H=——a
2mp
1 )
w==u|lH|==
. 2#! '==u
I I’ 1,
W = [w,dv = [[[~ u—5=pdpdpdz =—pI’Lin(b/a)
” 4z

= x4 x107(625x10°)3In(18/12) = 304.1 pJ

wolpp Loy b op_pl’Ly b
2 227 a 4 a
Prob. 8.42
He = Zatl = 20
1 1
W'mz EBl‘Hi EﬂHH
= é,u (25x“yzz2 + 100x%y*z? + 225x2y224)
W, o= medv

2 2 1 2 2
su | x| [ 2], x| ¥ 2 |
2_5|0 3‘0 LI 3 Sk 3L
o s
+ 9-— Y e
3 0 3 0 =1

I W = 2513 m]

|

I

el

1 J=
27 An’p?

2 d4rn'p

%,u [25[(: xidx [ yldy [ Zdz + 100 [ x%dx [ y'dy [ 2dz |

w225 [ yiay [ zdz]
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Prob. 8.43

1 2 ,_1 -7 2 29106
W_EJ,UH dm_amct.sxcmxm [200? +500° 110" dxdydz

=272(4.5107 (29%10")10°(2)(2)(2)10™° = 6.56 pJ

Prob. 8.44

NI=HI=£I

Y7

N o Bl 1.5x0.6x
o Arx1077 x600x12
=313 turns

Prob. 8.45
F=NI=400x0.5=200 A.t

R, :19—Q MAtYWb, R,=R,= —6- MAt/Wb, R, = l_% MAt/Wb
47 47 T 4

' = RF =190.8 At
R +R+R/IR, —

F
=L 190.8
/ 1x107?

a

=19080 A/m

Prob. 8.46

Total F = NI=2000x 10 =20,000 A.t

I 24 +20 0. 2
R=—e = (28420-00x10" 15, 107 A um
M u,S 4rx107" x1500x2x10
A2
R, =l gox0 =2.387 x 10’ A.t/m

1S 4zx107 (1)x2x10~
R=R,+R.=2.502x 10" A.t/m

3 20,000 4 2
VER YTV T s . -
R :
5 o Re 5 2387x20000 o000 4
R, +R. 2.502 ———
R
g, =ty D DEEDIN0_g0g
R, +R, 2.502 .
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Prob. 8.47
R,
y
F T Ra
F=NI=500x02 =100 A.t
rot 42x107 _42x10°
°T uS  4rx107 x10°x4x10™ 167
N . 107 _10°
S 4rx107 x4x107 167
8
RG+RC=1'42X1O
167
F  16zx100 167
VER AR 142x10° 142
-6
B=¥Y- “w = 88.5 mWb/m”
S 1.42x4x10 e
Prob. 8.48
5 -3
N i At 2O 2SNV 5m0 1 Ay

uS  4rx107 x40x60x107°

Prob. 8.49
Area of cross section A = 0.00015m>

Mmf = NI = 500(2mA) = 1 At. Mean radius = R = 5.5x107*m

Reluctance = R = .’X{:L =2—7di =83.3333 At/Weber

y i
Solving, u =27.646 H/m

Magnetic flux density B = % = 80 Tesla

Prob. 8.50
B’S ? 4x107°
F: = W = x__,, =2 25305 kN
2, 2p,S 2x4rx107x03x107 =
Prob. 8.51
(@ F=NI=200x10"x 750 =150 A.t. "
I, 107 i >
R =—2-= —— =3.183x10
1,8 25x107%p, R,
R=—t_o 2X0L 674107 3
Moi,S g1, x300%25x10 R
3 150
TR — =15.23x10”
R,+R 107(3.183+20/3)
P BS_ v _ 2.32x107™"?
2u, 2u,S 2x4rx107x25x107
=37 mN
3 150
b)If I =l =t
Ol g >k =0y R, 3.183x10’

w, 2x107x5x107x150
F,=1dleB =Ldl,*\ =
20T T T e 3 183 %107 x 25107

F, =1.885 uN
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Prob. 8.52 CHAPTER 9
V2 V2 Vi P.E.9.1
oA . (@) V= [(uxB)-dl =uBl=8(0.5)(0.1)=04 V
14
Ra R, FRu =5 - R, (b) I= w94 20 mA
R,f2 R 20 =
(€) F,=1IxB=0.02(-0.1a,x0.5a,)=-a, mN
TR B B %
1 =W =5 = 2=
R 3R, Ak, (d) P=FU=I’R=8 mW
2 2 2
~ ¥, v, 3wy 3
3=2 + = = 2
(2#08] 2/.108 4/.108 3R02,L[DS or B V""’f = (04) =8 mW
R =
1S 4rx107 x200x107 x9x10° 20
A 3x107 P.E.9.2
: V. = |(uxB)-dl
=247rx103=rng—>m=m:2@ kg @ Vo I( x B)
9. where B=Ba, =B, (sin ga, + cos¢a¢) , B, =0.05Wb/m’
Prob. 8.53
(ux B)-dl =-poB, sin fdz = 0.2 sin ot + 7/ ) dz
0.03
3 3=NI Vo = | (wxB)-dl =67 cos(100zt) mV
0
R R, I R, = I R,
RJ[2 At t=1ms,
Vewg =—6mc0s0.17 ==17.93 mV
Since u — o for the core (see Figure), R;=0. je Veur - cos(lOO;rj) mk
a
3=N1:W(R +—R—‘J:m At t=3ms, i=-607cos0.37r =-110.8 mA
) uS —
_y@x+a) (b) Method 1:
21,8 Po 25
_ BS , 1 1 N*4u’S? P jB-dS = _"Bot(cos¢ap —sin ¢a¢)-dpdzad == j IBotsin.;ﬁdpdz =-B p,z,tsing
“Tou Y S 2 (a+2xy "o
- Hoo  =Ho where B, =0.02, p, =0.04, z, = 0.03
NP u,S
= - V5
(a+2x) ¢5—&JI+A
F =—Fa_ since the force is attractive, i.e. VY =-B p,z,tcoswt
_=2N*I’y,Sa, -
(a+2x) Vs = o B,p,z, coswt - B,p,z twsin ot

*



