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4 I I 

"llei ____________ 1im!nP1m!t1 _____ bfl'llVhi'.:i~ei'U __ _ 

1. vlnt,11-ni'Vlb~E.J'Uifo.:ii-hh:mei'U (x, y, z) 

2. vlt1t,1V11.:imt'Ueiniiei.:i1-hJ1tffeJ'U (p, ¢, Z'J 

2.1 differential surface element 

dstop = pdpd</) 
dsside = pdcpdz 

0 

ijfllflJY1N 

2.2 differential volume element dV = pdpd</)dz 

3. vlt1t,1V11.:infl1Jllel.:Jfil'th~nei'U (r, 0, ¢) 

3.1 differential surface element 

dS = r 2sin0d0d</) 
3.2 differential volume element dV = r 2 sin0drd0d</) 

4. ~Tn:it1Trn'IJ~.:iwti\1l·Hivi-:i1-:iwti\1lmivMlc1u (Cartesian coordinates) W;l~'Wfl\1l'Vl'i.:lf1~11 (spherical 

coordinates) 

P (x, y, z) to P (r, 0, r/J) 

r = .J (x2 + y2 + z2) 
0 = cos- 1 ( z ) 

.Jcx2+y2+z2) 

</) = tan- 1 (~:) 
X 

"' "' ar ae 

"' sin0cosr/J cos0cosr/J a . 
X 

"' sin 0 sinr/J cos~inr/J a . y 

"' cos0 -sin0 a . z 

5 ' ' ( )A R . nmWlm 1 Vl't.rm unit vector aR =-= 
R 

-+ -+ 
6. ?111n11'1Jei.:ib1.1.:i'Vl1.:i1lll-w1 F = Q E Vim 

' -+ ' 
fauvi E = m11JL-u11?lu1111-w-w1V1Lnvi'<iJ1n'<iJ~th~'<iJ o (Vim) • • 

P (r, 0, r/J) to P (x, y, z) 

x = r sin0cos¢ 

y = r sin 0 sin¢ 

z = r cos0 

"' a</> 

-sinr/J 

cos¢ 

0 
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di Q,JQ.Jd/ d~ 
~v 1~~'Un~n~1 b~~'Vl'U~~vu ------------ ------ ---

8. n~°lm~~~m.Ju (Coulomb's law) 

~ •• 1.~ , 0 I E--+( ) I. Ps(rf)dsf "" VI 8.1 ~'U11lbYfl'fl'11nbbe-J'Uu1~~ r = 
5 

Ur m 
4rreolr-rrl 2 

L~EJ~ Ps = !-1111J~'U1bbti'Utl1~~~vit''U~ (C/m2
) 

r' = b'Jnbl,l'e){';i~E.J~Vl1~1~'11n'1~ffe)~\ij'ULtlEJ~LbVl'1~fl1b'U~~'U11JL'V'J-rh • 
r = r:iml,lv11~t1~'Vl1~1~'11n'1~vv~~'U1tlE1~'1~~uh . ' 

f 
pdp 1 

8.2 3; 2 = ~ + C 
(z2+p2) V z2+p2 

9. n~~'el~bf11~ (Gauss's law): 

9.1 1tlbbUU~'LI'vinf"1 'P = J E · d S = Qen V-m 
~ Co 

L~E.J~ tp = Li'Ubb';i~L'V'Jvh (electric flux) (V·m) \,1~'e) 

9.2 itlLbUU~'LI'vinf"1 ~ D · dS = Qen Coulomb 

L~E.J~ !-1111J~'U1Lb°L.!'Ub~'Ubb';i~LYlvh D = &oE C/m2 

9.3 it1bbUU'el'4~'Ufi V · D = Pv 

L~E.J~ Pv = l-1111J'l-1'U1bLti'Utl1~~~'eltl~1J1(,)';i (C/m3
) 

10. Divergence in spherical coordinates: 

V · D = 2:...i. (r2D ) + _l_!__ (D0sin0) + _i_oDcp 
r 2 ar r rsin0 o0 rsin0 a<1> 

11. Yl~~~1'ULL"1~r1111J~1~~mTiuvln~'Vl1~n"11J 

11.1 r1111J~1~~m1 V = - f ff · dl v 
--+ 

11.2 Differential line element dl = drar + rd0a0 + rsin0dq:,a</> 

11.3 ~1'U~m~v11 (Y1~~~1uffi~f'U) '11nn11Lrl~B'Utl'rn~ o W = QV J 

I ., ~ al C Q 12. r11mLn'Uu1t'1 = - Farad 
• V 

13. rhn11E.JB1Jf'U1~vn~hJvh1'U free space £o = 8.854x10-12 F/m 
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d I I 

"lleJ 1~mln~n111 b6l61Jviff~?lffU ------------ ------ ----

1. Electrostatics Concept: (15 A~bb'W'W) 

(a) '<il-:J171?1bi'Wbb"i-:JL'VJ'Vh~bf7\?1'-il7fl 1A"i-:J?l17-:J'U"i~'<il\?77'Ul;l7-:Jd (5 A~bb'W'W) 
' 

(a) Draw the electric field lines generated by the charge configurations below (5 pts) 

Solid sphere Hollow sphere Hemi hollow sphere 

(b) '<il-:J171?1-iff'W~1bfl7bzjt.J'W (Gaussian surface) 'U'W1m-:i?1i1-:i'J1~'<il~l'U1;11-:i b~eJV!ll-171-117~ b •ih.1 
' 

?l'W7~1'V'lv171'Wmfllv'l 11?1t.J16Ufl-!)61JeJ-:Jbfl7~ (Gauss's law) (5 A~bbi.J'U) 

'(b) In order to find the electric field intensities in the air using Gauss's law, draw Gaussian 

surfaces for the charge configurations below. (5 pts) 

Air 

parallel plate capacitor infinite line charge 
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,d QI 11• .c;;:i!QI 

~~ ~~~un~n~1 b~~~u~~~D ------------ ------ ---

(c) '<il~clfi'U1cl!-111l.JLL\Jln\Jl1~';i~W:l1~rl11ll\Jl1~;i'n~LL'1~LL';i~~'U1vJvh (5 fol~LL'U'U) 

(c) Explain the difference between the potential difference and electric potential (5 pts) 

(d) Which type of matter can produce the polarization field? and how does it occur? (5 

pts) 
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~ d~ 
'lleJ ~,X6"1'Uf1~fl'l.11 b6'l"lJVl'U.:J6"1'€l'U ------------ ------ ---

2. Coordinate systems: 1~1vm1vh~1m1-1~.:J6"1~1.:iii'.:i~tJ 'Ul.'leJ86"1'U1l.l1v-lvh E (r, 0) = 
" 

qd [2 0..... . 0 "' ] "' ) 
3 cos ar + sin a0 'Vli~cJ~ r >> d (20 fl~bb'U'U 

4nt:0 r 

The electric dipole as shown below produces the electric field intensity E (r, 0) = 
qd 3 [2cos0ar + sin0uo] in the far field r >> d, find (20 pts) 

4nt:0 r 

·" 
r 

d 

<a) '<il.:ibb'1~.:ir1161t11111-w-w11t1~n~~b'Vl~cJ11 (15 fl~bbt1t1) 

(a) determine the expression of the electric field intensity in the rectangular coordinates 

(15 pts) 
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.,J.'., 
L'1 "l.l'Vl'lNITTl tJ 

..... 
(b) LL61~-lL1nL\Jl€l{LL~-l F ~m~vh~eJth~~"l.l'U1~ q ~-lvtj~~n~ (0, y, 0) LLfl~ (0, 0, z) (5 ri~LL'U'U) 

..... 
(b) determine the expression of force F on a point charge q at (0, y, 0) and (0, 0, z) (5 

pts) 
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d Q.I Q.I~ d'V 
'!fel i'Vl?!'UfW1fl~1 b'161JVl'U~?lelU ------------ ------ ----

Q.I O d I al I ,K d 2 1.J 

3. Coulomb's law: 'Nbb'Vl1'U(;l1'U1l.Jrl11l.JVl'U1bb'U'UuW'<il\;lel~'U'Vl Ps Clm 11~el~'Vli~'U1U z = 0 bb'1~ . ~ 

The annular ring of uniform surface charge density Ps C/m2 lies in free space on the z = 

0 plane. It has inner radius of a and outer radius of b. The cylindrical coordinates are 

considered, find (20 pts) 

(a) "ll'U1\,!Ui~'<il'VY~Vll.J\,JU'U1~bb'Vl1'U (10 fl~bb'U'U) • 
(a) total charge on the annular ring (10 pts) 
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Cb) m1:uLi:uG'ltn:u1rJvh ff ~'1~ w, o, z) c10 r1~bb'U'U) • 
-+ 

(b) the electric field intensity E at (0, 0, z) (10 pts) 
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4. Energy and potential: fl1'Vl'LI~1'1Xm1l.lb"Ul.l?l'lJ1:1J1'v'Jvh1'Liel1n1?1,11nLL'Vl'1..'.lfl1b'U~'Vlil.:i i'.iitJLLUUlW 
-r 

'Wf1~Vl';i..'.ln~l.l E = Po ea2 ar Vim b~cJ~ Po Lb~~ a bU'Url1fl..'.l~, ~..'.lf'l1'U1tlJ (20 fl~bb'U'U) 
Eo 

-r 

The electric field intensity in free space produced by a source is E = Po ea2 ar Vim, 
Eo 

where Po and a are constants, find (20 pts) 

Ca) m1l.JV1'U1LL 'I.J'Utl';i~'l"llv.:iLm1;1.:in1L il~?1'U1l.l 1 wvh Pv c 10 fl~u. 'U'U) 

(a) volume charge density of the source Pv (10 pts) 

(b) iai'nm'v'JvJ1~'l~ (0, 0, 0) (5 fl~bb'U'U) 

(b) electric potential at (0, 0, 0) (5 pts) 
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(c) energy gained by moving charge q from infinity to (0, 0, 0) (5 pts) 
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d Q.JQ.J&.:R ..:J~ 
~a 1~~un~n~1 b~~Vlu~~au ------------ ------ ----

-Q bb~~11~€lvuu1~u1u z = o iJliJ\91~m1nm~BvumLnu z ~1mLr.iuuu€lv~1,11Lmil~ z = d m i1th~lil 
\.I , \.I \.I \.I , 

~u1\11 +Q ~1~wh~LLr.iui1uu1u61l~mzj~iJ~1r1~vfl\11BL~rwi~mvhnu 3.8 n1~U\11b'Vl~lil11u.nlm~~i1~ 

bU'Ylt1\11V11~m~U€ln lil~r11U1UJ (20 r1~LLUU) 

A parallel-plate capacitor is made using two circular plates of radius a. The bottom plate 

has charge -Q and is located on the z = 0 plane, with the center on the z axis. The top 

plate has charge Q and is located at z = d. The inserted dielectric is silica whose relative 

permittivity is 3.8. Consider the cylindrical coordinates, find (20 pts) 

+z 
I 
I 
I 
I Q 

d 
I 
I 
I 
I 
I 

Er= 3.8 J 
I 
J 

0 

-Q 

-+ 

(a) electric flux density D (5 pts) 

(b) potential difference across the capacitor (5 pts) 

(d) capacitance (5 pts) 
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