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: Dyl
1. Write the change in a scalar field V due to a infinitesimal vectorial displacement dl. dV= 44

2y, 2 vl
2. What is the spatial rate of change of a scalar field V in the direction dI? dV/dll = }%q—( JZ/
3. Define the gradiant of a scalar field /3 a""‘/z’.” aiéo.se. directron refM
Aivechon ] maximal Spatal rete g wcrmﬂz—/ ]t Scalor fold sl wtian
Mmog ; 7«&& 7la it Wosimioe »7‘0'4 rete g JNCY2aza
4-5. Write the divergence theorem mathematically; make a clear sketch and define your symbols.

oty wftond als

—

f R dr = AL &
6. State the divergence theorem in words: . vl y :
Nat oudwand Lo o & vectsr ef“"’z" He ol MM«%#{‘
o[‘:/&'yl“-@-— sV/er ;‘L .e»zo/nn—/ l/a/a.u_. -

7-8. Write the Stokes' theorem mathematically. Make a clear sketch. Define your symbols,

&

- e . —p — _ . s . . s
é/\ Al = ‘ﬂVx;\-)"o(} oL = INfn fesrmal Line olemat Zia
C d’; = . w S - »

> - “g =
9-10. State postulates of electrostatic in free space in differential form; define your symbols:
— .
o= perm st ly ] s spac R
= = - . t
VXE =0 E:e/bo{”"o%u.u

é}-%@:- e M

11. Relate the Electrostatic Potential to the electric field in integral form: \/(
R
12. Write the Poisson equation for the electrostatic potential: ‘7"[/ =_ f /e P 4 é { vol.
o =

Aa,jg HAesese
13-14. The electrostatic potential for a continuous distribution of charges is given by ¢ ‘g ,ﬁ
1 p(R") -
V(R)= dv' - oA
)= %% | IR-K1 £ ',?,,é:‘,"f"'m
v Té’: Sovres fomj—
Make a sketch and define gl] the symbols. Ao 4 ::Z:i bend
(Note: This is the solution to Poisson's Equ.) d"‘y’
— 7
15. Give symbols and units for the Electric Field Intensity: E <|//m ) /V WA...._ .
e d .
e
16. Give symbols and units for the Electric Flux Density: 1D ( Clw") "
v dh}p

17. Give symbols and units for the Electric Polarization: P ( C/m")
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-— .
— : b [
18-19. Give general relation between the above 3 quantities: D = €o E + P J alel it

20. What is the relation between E and P for a linear isotropic homogeneous dielectric material? P- Q'X-e E
- —r

21. What is the relation between E and D for a linear isotropic homogeneous dielectric material? [) = € E
22. Does the above equation hold for the case when there is permanent polarization? N o
23. State Gauss's Law for the electric ﬁcld in words:
Net outioard f1 Plu of, tho elechnc foald gl @ chsedd Susfc. Bt
z‘oz';J o/t enctosed) /////e.-/é/ .
24 Statc Gauss's Law for the electric flux dcnsny in words.
Wet outisiod flo ff tho elocivi fawz,,wg: e (A

25. Give an integral expression for the stored electrostatic energy in terms of P and V.
/ /
W, = £ f LV A

4
! - /
o : =z) EDr
26. Give an integral expression for the stored electrostatic energy in terms of E and D. Mé /J‘i/

— —p
27. Give an expression for the polarization volume charge density pp in terms of P. ff - =v.F
—
28. Give an expression for the polarization surface charge density pps in terms of P. -'?fs = P.au
29-30. Fora sphcrc with uniform polarization vector P=Pg az find the polanzauon surface charge
dcnsny - =
‘ﬁa-& _:-a,,_; g = Pag,L {7&782
:%A oaz:z P = P a
31. find the volume polanzauon charge density for the same _Phcrc above ’_—[
7) P al - Conslort"" .. - P o - ‘ =
32-33. Give the formula for the electrostatic potential of a dlpolc P centered at the origin oriented \
in the z direction p 7 Clm Vv V
peco  fubil Gz g Fomcl
V(R,5,0)= - Py ( 43¢, m-, /
41 60 R - —— -

34-35 What is the total electromagnetic fgr_cc on a moving charged particle, define your symbols
F Z(E_'-/U')(E) g:dz«/ﬂcw . aF =
B = madm_k Ploy dess. 7= Wy——
36-37 _ytate the postulates of Magnctostauc in free spacc in 2ffcrenna form; define your symbols
V 5 =0 @ = = forss I%VL / ﬁ&

TxB= K j-' ‘i}la»Q C-wr«v‘*' JM’S Spbce—

38. What is the relation bctwccn thc magnetic flux density and the vector magnetic potential?

—
é’:_';XA
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39. What is the general relation bctwecn the vcctor magnetic potential and the current desity in
differential form?, (——9 ‘,A
VXA): S

—
z ——
40. What does this reduce to for the for the choice V-A =07? v A~=- /o)

41-42. Write the solunon to the above Poisson's equation in integral form (similar to 13-14).
j R
k= .——— —F = _
AR = & IR-§'1

43-44. Give the expression for the vector magnetic potential due to a magnetic dipole moment m.

for largcR Deﬁnc your symbols. _, - Fvecker fro- ona,“; o observenon

Ar
B Ry = hm=ar
45. What is the magnetic dipole moment m of a current I circularating in aloopofarea A _. A
perpendicular to the x axis? -Y;\ = IA rd /J()( =X
- »

46-47. Write the expression for magnetization surface current density Jms in terms of the

magnetization vector M. give units for both quantities. -7 Q
— T — a s
F Mxa,
A/m Afm
— " ->
= <UXM
48. Write the expression for magnetization current density Jm in terms of M. jn

49-50. For a spherical permanent magnet at origin with uniform magnetization vector M=Mp az
find the magnetization surface current den51ty Jms e

- -2 -
4 =% j:.s 2 M, A X = M ag4
-M’ = Meaz' — - 2 =
izad i =M, Yx6,=0
51. find the magnetization volume current density Jy, for the same sphere above <7 X M -

52. Which statement is true for the above sphere?

X
a) B=0 inside but not outside b) H=0 inside but not outside

X P
c) H=0 everywhere d) B=0 cvcrywhere[i) None of the above
g - r‘ H + /: M i

53. What is the general relation between H, B, and M?

55. What is the relation betwccn B and H for such a material?

E-
B = P‘(H—’X )H
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Problem 1. Short Answer Questions :

1. Consider current due to motion of one type of charge carriers, at velocity u. write
thc relationship between current dcnsity J, volume charge density £, and u. Give

units for all 3 quantities: b/
- m —_ oL/ le
A — J f M‘ — M/ £ = Chds Ge a/amﬁ
‘”—;2‘ b— » C/ m>3 j

2. Write the relation betwccn current I through a surface S and current density J:

JI 0(5 Linea. ISo/’rO/WC'

3. Write the constltutlvc rclatlon (rclatlng Jto E) for a hemogemeews medium with
conductivity ¢ : J = E

4. Write the equation of continuity rclating spatial variation of current density to
time variation of volume charge density in point _i'orm
C()njzrm,@ovnz céé,g._ -{7":] =~ j-);

5. Write the equation governing J in steady state: -

6-7. Write the boundary conditions for steady state current density J in the absence
of nonconserving energy sources between two media with &) and 0, :

jth = Jzn

- : LT =L 3 N = ==
7. tangential components: 67 1t =t &r ‘Sr—t 5, it

6. normal components:

8. Using above results draw J in the
diagram for G:Z.= 2 0, . Draw to scale.

San = Jin

A
325 A}‘Jtt?
\

9. Write the total force F on a particle with charge q moving with velocity u in the
presence of both an electric field E and a magnetic field with flux density B :

F= 35 *2“)‘]77

10-13. Write down the fundamental postulates of magnetostatic in free space:

a) point form: 10. 7.8B=0o 11. é/ﬂ/w \7)(’3"/1.}
b) integral form: 12. Céﬁj,, =e 13. ég.dé = 7& If-/jjlc

14. Write the relation between B and vector magnetic potential A: 3 ZVA_’_ﬁ
-

Jzt“lj.t

15. If we choose VsA=0 then what would V2 A equal to? V2 A= -/j T




UTA _EE 3318 EXAM IV 4/28/93 Name___P_Qﬂ__EQX _________ 2

#1: i
Consider 3 concentric long cylinders with radii a, b, and c. The inner cylinder is a
conductor carrying a uniformly distributed I. the inner region ( r between a and b) is
air.- The region between r=b and c is another conductor carrying uniformly

distributed current -L .

a) Determine the magnetic flux density vector B, everywhere.
b) let b=3a, and c=4a. Plot the magnitude of B as a function of r.

uniformly
distributed current

Iin + z direction

uniformly distributed
current Iin —z direction

Ty e







UTA EE 3318 EXAM IV 4/28/93 Name DGW %0)( 6

Problem #2 (25 points)

Consider a circular loop of radius b centered at the origin and lying in the x-y plane.
This loop carries a current I (counterclockwise)

a) Steate Biot-Savart law in English and mathematically. Define all your symbols.

ga ~

g N Y AL'= g bt
R-= 4,
R =bay

r = Leoshaxt bs

The 'm”‘7“e71"°.’ "[/“—K 4(%:1--}—7 B at @ /Cola/;;/;(
/,;) YPaCc OlV\L '7"0 & C.Ulfr‘n..,v-f' T n ~ o

' o
ciecm t 5 aguad  Ho He closged /) e :»4"7
C(,(,;\'f 07A Fhe C rosy Prao(wcf' v/

Jj,i:“;/t\t th current lor
LA 1"\¢S7L/as;\ d”"u L‘-’ i
cuwbel.

Flo
yelatwe dis 7o
fo the P
relah;e Ay
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E‘—EL' = %&—2 - ‘:)47
Problem #2 Continued l;é—‘ fz'_’ - %é‘&_ (bC0§¢4y +\o<w;¢aq
Ox —_
,T 3 s-bei¢dy _bspay + za,
AT Ak _ _ _
3 o4k (B-%)= B, 4dp x (2Te-bar)
= bedé¢ar+ bdjds
Tha ar C“’””(’M w&l&vpf’ » Mo A, deun
S\'[W\N:\'V"’;- A M oot 2 &
3
3 A
BT (e ) (3)
2
wI [ bAp  p AT
S Tv):" 2 3, T 4T (2%b*) D%
t 41 <‘Z“'b ) y
— TL> o
]
- Mt g
B 2(2%)% 2 K
1, T M
A= 4-T [ ( ")
Lo
A_ - MOI /, J /_ﬁ\x%¢‘+@?\1¢osqb>d¢
(2%h" T




m i

/
(P)= —
V(P) Zre.
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PROBLEM #3: (5 points) Consider the Magnetic vector potential A potential given by the
following expressions (K>0): ~ - ~
. a - A ao‘:g
AR8,0)=H0K RSinoa, for Reb a
'y AT d) =.- &‘2_ - P
A
A(R,9,0)= & 4Kb Sin@ ay for R2b by -1
T

R2 -

1- Write the relation between the magnetic flux density B and the magnetic vector potendal..

=V XA
2-7. calculate B(R, 6, ¢) for both regions:

B x (AL psaodg) |
T2 (hasnd] 4 %o [0 ehs)|

<7 ¥A = G,
,L(Co':e-(-Coso) + dg (~5.; & - s..{e)J

/(L
417

‘\‘\ El,

B.(R,e,¢)=&4LK_ (2C0s6  ap+ —256 ag) for REb -
T

3 -
B(R.0,0)= BQ%‘( 2cos6  ape( 2

2 cosé 25 ) ag) for R2b
R3

8-9. Evaluate B(R; 6, ¢) at R=b from the above two formulas;

Jc ~ S ’ 9 -—\>
from R<b formuia----> B(R=b, 6, ¢)= —ML— (zcos & ap —LsmPds

_ . Mo k— > ~ )
from R>b formula--—> B(R=b, 6, ¢)= ——q_T-( Qco_se q‘b St B qoe
10. Is the normal component ( i.e.R component) continuous?

Yes

11. Do you expect the result? What law of magnetostatic supports this?

\I/CS‘- S V2B =0, P novved C—O""POwujZ porsl b cadio

12. Is the tangential component ( 8 component) continous?

No

13. True or false: the above resuit suggests there is a surface current at R=b
Trwe o Siuer M, = /{’{L /L,O anls/ @ Surﬁu c,urr&f %PIAMS C{UCOM"’”

14-15. Show that for R<b, B is copstant. (Hint: write a7 in spherical coordinate system and
compare with the above result). A

o ” o S O g~ LK 2 G

Q2= Ae c0S 6~ Go >~ 47

k. A
6, 2 ’/_L'ia_.—:-—,z;d,it = ,,CAJ»‘: Q,,E}zh,j, o
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PROBLEM #2: (20 points) Consider the electrostatic potenual given by the followmg (K>0)

V(R, 6, 0)=—~_ RCos8 ForR< b
47t803 R
VR, 6, 0)= 750 =P ForR2 b

(o]

1-7. Find E(R, 6, ¢) for both regions: —
e stat wrti E ==V V. The Caleed @ Frad
frv bott. ”’ﬁ"ﬁ‘;’

E(R, 6, 0) = 41::-: (@ axt (+5%€) a) FuR<b O
3 )

ER, 0, 0)= 411;5R 2 (@ ag+ SmnP ag) ForR>b @
[o}

8-10. Show that for R<b, E is constant. (Hint: write the above result in cartesian coordinates)
recoll Ay = (06 Ga =584

X ECK,G'C;‘) 7K a% = GWJALQJ
A4TEs Go
11-13. Evaluate your formulas at the spherical surface of radius b, is the the tangential component
of the electric field continuous? If yes is this to be expected? What law of electrostatic supports _

4is? @) R=b fhe Secad frou ® Guer KB fo fir Ge

- Sin® 486, b
Mo, E‘ﬁea( Goa, + ) ® o o 7 260 aﬂdlﬁe%)

Z Ko
14-16. Calculate the discontinuity in Er(R, 6, 0) at the surface of sphere of radius b. Now give
expression for surface charge density at this surface

/ E ¢ Cr Crnfrie—

We S Qg W&b@

| 5
‘ -R=b+o -..E (Rgb-u - 2_}__( 6719
bt £, ¢ ) >) syl .
17- 18 Calculate the volume charge density 1n51dc the sphere of radius b. V. E
bk E Gw&é vridle| e @
v.E

19-20. The potential outside the sphere|is exactly that of an 63/2!-%’ (= centered at the %’“‘”

oriented along _/i—%_ axis




