Term Test #2 Version “B” ij”

ELE401: Field Theory

Term Test #2

Examiner:  Jiiri Simberg Sections: 01 - 08
Paul Kantorek Time: ~ 1.75 hour

Instructions:

o Closed book test. Aids such as vector operators and integral tables will be
provided if needed. No questions are lo be asked during the test. If some
aspect of a question is unclear make suitable assumptions — write down
the assumplions - and continue solving the problem. Caleulators will not
be required and are not permitied.

o Answer all three (3) questions. Weight of each question is indicated. Part
marks will be given, Note that there are 60 marks available in total, but coly
40 marks are needed for a complete paper; i.e. 20 bonus marks are possible.

0 Clearly show all work in the space provided. Ifa "Right" answer appears
without any indication on how it was derived that answer will be
considered to be "Wrong". Use the back sides of pages if more working

space is needed, Underline or [ box] your simplified answers and show proper
nnits.
(Questions Available Marks Your Marks
uestion I 20 marks
Question 2 20 marks
Question 3 20 marks =
s 40 (60 with bo _
Marks § .

i | SOLUTIONS

Your Student Number

Your Section Number

Circle your section number: 01, 02, 03, 04, 05, 06, 07, 08
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ELE#01: Field Theory: Term Test #2 Verson “B”
March 29, 2003
Problem 1: Four Short Questions: [20 marks]

[a}anrﬂc?wtnFieHHDncToAFhﬁtLhtﬂf Current: [6 marks]

Uselhuxprminnfurtheﬂ-ﬁddduemnshonlineufcun‘eut “] * located on the z- s, ie

{
H = m {mu,-—malj a, [Al'ﬂ'l]

to solve for the H - field caused by a short line of current I [A] flowing from point A( 5, 0, 0) to
point B(- 53, 0, 0) as sensed at point P(0, 5, 0).
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ELE401: Field Theory: Term Test #2 Viesion: S
March 29, 2003

Continuation Problem 1:
{b) Magnetization and Bound Volume and Surface Current Densities: [6 marks]

If the magntulr: intensity vector field H inside a hollow infinitely long conducting c:}'imder centered
on the z- axis, is given by:

H = % a, [Him]

The inner radius of the cylinder is “a” [m] and the outer is “2a” [m] and p = 3.0 for the material

inside the cylinder. Viezsion -
(i) Develop the ex;:maiunaﬁ:rlhnmgueﬁmﬂm vector field M [A/m]. 2 W
4 Xom = e = i-|=a e m=_9 az [Pl
A R
e 1= Ko H % ;( )d?t g fjg’ #

(ii)Solve for the volume current density Ju, and the magnetization surface current density K
on both surfaces of the cylinder.
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(iii)Determine the expression for the sum of B, + 1, where “I, " is the bound volume current and
“I. *is the bound surface current,

ﬁ:: jb: C:f .ana T_bl‘,r' o C')

2T - jéxfﬁ < (@d)dd o +§§ Zox () 2%

@2z
ﬂ;j” sT—* O d?;zﬁ =
AT = A el 2 i?g:
) j“&%*“ e + E*Ef’i}f@
p0 ¢ = 27 — A

=i (,?xx) b (_-é) a(::psr) w e B AT AP = )

Page 3




»n
ELE401: Field Theory: Term Test 12 Version “B

Continuation Problem 1. y
| \/{EEEI:QM XKA —_—

S

B = Y ol

(c) Magnetic Boundary Conditions: [6 marks]

Thebnunda:yhemrcenrwodiﬁemntnngneﬁcmnmialsisgiwnby the equation y = 0.
Region I: (y < 0) has relative permeability pn = 1.0 and H, =]ax+2ay+3m[Am]

Region 2: (y > 0) has ua-3ﬂmﬂnmﬁumtdmwnnmhmndﬂyliﬂ+4hiﬁfm]

But W?@:ﬂrﬁa

Solve for By, By, Ha, and K, in both regions.
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ELE#01: Field Theory: Term Test 82 Version “B”
March 29, 2003

Continuation Problem 1:
(d) Induced Currents: [2 marks]

For the dmg;m:u shown below circle alf of the correct answers which would cause the current to be
flowing in the conducting ring in the direction as shown.

(i) The switch has been closed for  long time. g 70 (PPAER ¥
nﬂul‘. r
4 it
(i) The switch has been open for a long time. T l[@ )_Tp.rnuctﬁ gf) V'I.E-.E::.J iy KA ]
(iii)The switch is just being closed. &, LY e
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(iv)The switch is just being opened.
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Problem 2:

ITTETL, (vi=pt]

[20 marks]

() A Dome of Surface Current Density: [10 marks]

A dome, defined by r=a; 0<8=n/6 0 < ¢ < 2, carries a surface current density

K = K,sn8 a, [Alm]
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ELE401: Field Theory: Term Test 42 " "‘B”
March 29, 2003
Continuation Problem 2:

{ii)Derive the magnetic intensity vector field expression H at the origin due to the surface current
density K. Use the incremental version

of the Biot-Savart Law and clearly indicate what are
the components T, ', (r-r'), |r-r'| and what is Mefs" in this case,
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ELE401: Field Theory: Term Test #2 version “B”

March 29, 2003

Continuation Problem 2:

{b) huhﬁnh:bhngﬂwmt(hrqmgﬂyﬁndermmdonthuqﬂn [ 10 marks]

An infinitely long non-magne m:cylmdarnt‘ radius “b * [m] centered on the z-axis supports a
volume current density given by: k|
J=J,pa, [Alm] = — drFTh
|
(i) Solve for the total current “T" [ﬂ} flowing in the cylinder. \ :———‘?\ 7
i s \
_?_'—" g‘jclﬂfﬂ = gRU’ﬂ(@ F#ﬂ{-?{ I."
5 ¢::0 F:,D
A =
L = ¥
= B J ﬁ_‘? = Mﬂ L]

73
Vepsion “A

(ii)Derive the expressions for the H field inside and outside of the conductor.

!_9*--'?'1\:-{:?_ : é’ fi{f —Te:;k_lc.:rs
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ELE401: Field Theory: Term Test #2 Vet 8

Continuation Problem 2:

(iii)Solve for the vector magnetic potential A inside of the conductor if A = 0 at p = b [m] using the
vector Poisson Equanun

= = A=Ay ok
/G,:r Bt e GG et %;}
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ELE401: Field Theory: Term Test #2 Version “B
March 29, 2003

Continuation Problem 2:
a

]
(iv)If the magnetic energy density inside the conductor is given by = E*_";“l.._’o._. [Jim]

calculate the internal self-inductance, Ly, for an "‘.'-r L 'J_m] length of the conductor.

b Wim = Smm Lo = | S S aai;; ;/? o dpdgds

5 /
- % rfr ¢ 3| - Lyl
%) ; 3 o 32 (%)
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& /G ;;Jii-mr :%_{ﬂ
Problem 3: Forces, Torques, and Induced EMF: [20 marks] 5
A triangular conducting loop connects the points A(4, 0, 0), B(0, 3, 0), and C(4, 3, 0). )\ Version A H

M,u—u._,—r""‘“—-—r‘

(a) A current I; [A] is flowing in the ABC direction in the circuit in the presence of an external

nmgueticﬁt]dB—Bac*nxi_T] THE- S AME

{1}Determme the force Feq [N] on the current ﬂowmgmtheﬂhsudﬂuf the triangular loop. o
|4 marks] ,ﬁr C,g,:,; e T dg,ag x B, & L
:. :._/E -B. e T EqE a%—-”""i %
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o2 o ol
=Ee=T = = ToBac
o ﬁiﬂ‘ﬂ- — . = a%:...aé
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Veesion

{u}r.‘:alcula:c the value uf the total force Fr = Fup + Fac + Fea on the circuit, |2 marks]
_Fhixee
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ELE401: Field Theory: m:rjg Version “B” —_—

L

Continuation Problem 3: ;f_‘{l
(iSolve for the torque Tex [Nim] on the side CA taken about the origin.[5 marks] </ FEE adF =
-ﬂﬂ?;,q. = ({fﬂ-x *?%) (,?_E :'f-c zj|> L[‘:j?:'

= 0 T By (a?’axxa + mx%)ﬂ%« 1

N A
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(iviDetermine the total lorqua Tr=Tws+ Toc+ Tm taken about the point B. [3 muh]
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(i) Calculate the voltage, Ve, induced in the loop.[4 marks]
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(ii)Indicate the direction that an induced current would be flowing.[2 marks]

= t--ﬂ-fu H\J ?Ha._
Lo Tiwp Wt FEO- TG J
e ABC _E'.’Q#fmﬂ_

Page 10 - ===



