ECE343 Spring 2025
Objective 5.1:

Coloumb’s Law I
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Schedule

[ Lesson | Topics [ Reading [ Notes |
[ 1 [ Course Overview & Introduction [ Ch.1 [ [O11-12 |
[ Chapter 2: Electric and Magnetic Fields |
[ 2 [ Fields, Parameters, Field Quantities [ Ch. 2 [ 02122 |
[ Chapter 3: Transmission Lines |

3 Lumped Element Model 3.1-3.4 LO 3.1

4 Telegrapher’s Equations 3.5-3.6 LO 3.1

5 Characteristic Impedance & Wave Propagatfion 3.7-3.9 LO32

6 Coaxial, Reflection Coefficient, VSWR 3.10,3.12-3.14 L0 3.2-3.3

7 Terminated Transmission Lines 3.15,3.17-3.19 LO 3.4

8 Impedance Matching 3.21-3.23 LO3.4

9 Impedance Matching 3.21-3.23 LO 3.4

10 Smith Charts Supplemental LO 3.5

11 Smith Charts Supplemental LO 3.5

12 Smith Charts Supplemental LO 3.5

13 Smith Charts Supplemental LO 3.5

14 Transients Supplemental LO 3.6

15 Flex Day

16 Reflection/Transmission Coefficient Lab Lab Packet LO 3.7

17 Reflection/Transmission Coefficient Lab Lab Packet LO 3.7

Chapter 4: Vector Analysis

[ 18 T Vector & Coordinafe System Review Ch. 4 [ LO471-44GRTdue |
| Chapter 5: Electrostatics |

19 Coulomb'’s Law 5.1-56.3 LO 5.1

20 Surface and Volume Charge 54 LO 5.1

21 Gauss’ Law (Integral Form) 5.5-5.6 LO 5.2

22 Gauss” Law (Differential Form) 57-5.8 LO 5.2

23 Electric Potential 5.9-5.10,5.15 LO 5.3
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Schedule

[ Lesson [ Topics [ Reading [ Notes

[ 24 T BVP(Capacitor, Coax), Electric Potential [ 5.16 [ [O53
25 Electric Boundary Conditions 5.18-5.22 LO 5.4
26 BC’s/Capacifance 523-5.24
27 Electrostatic Lab Lab packet

Chapter 6: Steady Current & Conductivity

[ 28 T Current density, Conducfivity, Resistance [ Ch. 6 [

[ Chapter 7: Magnetostatics
29 Magnetic Fields, Gauss’ Law for Magnetism 7.1-7.3 LO7.1-72GR2
30 Ampere’s Law 7.4-75,7.9 LO7.3
31 Ampere’s Law Applied 7.6-7.8 LO7.3
32 Magnetic Boundary Conditions 7.10-7.14 LO7.4
33 Magnetostatics Lab Lab packet

[ Chapter 8: Time-Varying Fields
34 [ Faraday’s Law, Displacement Current, MaxwellEgns [ 8.3,8.8,89 [ LOB8.1
35 | Faraday’s Law, Displacement Current, MaxwellEqns | 8.3,8.8,89 | [08.2-8.3

Chapter 9: Plane Waves in Lossless Media

36 Maxwell’s Equations in lossless, source-free region 9.1-9.2 LO 9.1
37 Maxwell’s Equations in lossless, source-free region 9.1-9.2 LO 9.1
38 Uniform Plane Waves & Polarization 9.4-9.6 LO 9.29.3
39 Normal Incidence Vol 2, 5.6-5.7 LO 9.49.5
40 Oblique Incidence Vol 2, 5.6-5.7 LO 9.5
41 Oblique Incidence Vol 2,5.6-5.7 LO 9.5
42 Incidence Lab TBD LO9.5
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CH 5 LEARNING OBJECTIVES

5.1

5.2

5.3

5.4

| can apply Coloumb’s Law to use direct integration to
calculate the electric field due to charge density in
varoius geometries, including rectangular, cylindrical,
and spherical coordinate systems.

| can apply the integral and differential forms of Gauss’
Law to calculate the electric field due to charge
density in various geometries, including rectangular,
cylindrical, and spherical coordinate systems.

| can calculate the electric field from the scalar
electric potential in a variety of geometries.

| can apply the electric field boundary conditions to
calculate electric fields on both sides of a material
boundary.
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.l
CoOLOUMB FORCE
z M > =2 o
.G =-3C 3= Fa1+ Fa
2f R = (%4 +90) — (%0 + §3) = %4 — §3
. > G-2uC Ao (—3uC) (2uC) (%4 93)
: T (4m) (8.854 x 10-12) (v/25)
P = (—1.724% + 1.293y) mN
_De-G = 1uC P (1uC) (21C) 5 (%4 +92)
(47) (8.854 x 10-12) (v/20)
-4 = (0.8x + 0.4y) mN
— F3 = (—=0.9% + 1.699)mN
P aman _ Qanl—?‘
™ 4x|R2T T 4n IR
with: R =7
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E BY DIRECT INTEGRATION

L
2

N~

z

3

dq

: LINE CHARGE

Method

1.
2,

Draw picture

Write “Coulomb’s
Law”:

aQ -

dE= >R
Are|RP

Define dQ in terms of
charge distribution (p)
and length (d?)

Define R
Infegrate to find E
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E BY DIRECT INTEGRATION: LINE CHARGE

z

é > C/C]
25 Method
A Observer 1. Draw picture
oL —e P
2. Write "Coulomb’s
Law”:
S aq -
_L dE=—-R
2 4re|R)3
3. Define

aq = pedl = p dz

4. Define R = pp — 2z
dE _ /)LdZ

o (4re) (mf’
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E BY DIRECT INTEGRATION: LINE CHARGE

p component: Z component:
L/2 1 L/2
5L J 35X — 3P J ;wdz
Are J_1)2 (02 + 22)° 4dre J_1)2 (p? +22) /
2 L2 : )
~ PLP s PL
= p = — — | V=
Ame (PQ\//’Z + 22> 12 Ame (\/pQ + 22> —12
L L
_ple 2 2 _sp |1
Are L 2 L 2 Ae L 2
Aee(z) e () #+(5)
_pe L - L
4re 2 2
L L
2 (5) #(2)
pLL -0

2 L ‘
Ane +1 5
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E BY DIRECT INTEGRATION: LINE CHARGE

z

[T

" Observer
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WIRE LOOP: DIRECT INTEGRATION

Find the Electric field at z = h
from a line charge carrying a
charge distribution of py. JUSITOE

Z 1. Draw picture

2. Write "Coulomb’s
Law”:
aQ -

o I = el
'5 3. Define
0; y dQ = p,dl = ppade

X 4. Define R = —ap + hz

dE = £ed
4ne (a2 + h2) 2

EC (—ap L+ h?2) dh
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WIRE LOOP: DIRECT INTEGRATION (CONT'D)

p component: Z component:
27 2 27
0 4re (a? + h?) 0 dre (a2 + ) %
2 27 27
peQ 7z f pde — 2p570h“ J d¢
e (a2 + 12)°% Jo 4re (a2 + h2)%% Jo
..but p = Xcos(¢) + ysin (¢) — peah
ol [ rcos() + g (@) a0 2 (1 10)"
_ X ysi
4re (a2 + h2)*? Jo
2
P (0+0)

4re (@2 + h2)3/
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PARTIAL LINE: DIRECT INTEGRATION
Find the Electric field at z = h
from a partial loop carrying a
charge distribution of py. Method
z
1. Draw picture

h 2. Write "Coulomb’s
Law”:
S aq -
E— 7=
a 2 4re|RP3
3. Define
D0 dQ = pypdo = p,ade

4. Define R = —ap + hz
= joiel
dE = 3/2
4re (a2 + h?)

Ve Y Y - N B

E¢
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PARTIAL LINE: DIRECT INTEGRATION

p component: Z component:
— | R L —- — | Py mah g,
0 4re (02 + h2)3/2 0 Are (02 + h2)3/2
2 /2 /2
peQ 3/2f pdo 3 peQ SQJ hd
4re (a2 + h2)¥% Jo 4re (@ + h2)%? Jo
..but p = Xcos (¢) + ysin (¢) . peQ (@)
e J " k08 (9) + 95in (6) o dme (4 18)7 1 2
—_—_— X ysi
4re (a2 + h2)*? Jo

ped o o
ame (a2 4 )2 X9V

= a
E— Pe

—Xa-ya+ 2—)
4re (a2 + h2)*° < 2
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Disk CHARGE: DIRECT INTEGRATION

Find the Electric field at z= h
from a disk carrying a charge

distribution of pg.
z

sl
S —

X

Method

1.

2.

E¢

Draw picture

Write “"Coulomb’s
Law™:
aQ -

dE= —
4re|R)3

. Define dQ = pspdpde

Define R = —pp + hz
psp
dE = 32
Are (/) + h2)

(—pp + hz) dpdo ,
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DIsK CHARGE: DIRECT INTEGRATION (CONT'D)
6. Intfegrate to find E:

p component — 0

27
Z component — ngh j f
(p? + h?

Apsh
7)3/2dpd¢> 7[ L (v +h2 o3 ap
27rpshf P Apshf P
=2 fe] —d
dre Jo (p2 4+ n2)%2 r 2 (0% + h2)*? r
1
_ 2 2 _ =824, =172
u=p°+h du =2pdp = ju du=—u — —
2 /02 + h2

R h
- 3 Ps

2e+/p? + h?

5 »esh 1
p—0 2e4/p2 + H? Va2 +h VR
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SHEET SURFACE CHARGE: DIRECT INTEGRATION

Find the Electric field at z = h
from a sheet carrying a

charge distribution of ps. Method
1 1. Draw picture
h 2. Write "Coulomb’s Law":
oF — aQ =

4re|R)3

-’ 3. Define
-- deQ = psdS = psaxdy
w Y 4. Define R=—%x —yy + 2h

oE - psaxdy

(4re) (X2 + y2 + W)
(—Xx —yy + Zh)
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SHEET SURFACE CHARGE: DIRECT INTEGRATION

Even when we notice the X and y components cancel (by
symmetry),

Jf - 372 (—XX =¥y + 2h) dxdy «— gross...
(4re) (

X2 +y2 + h?)

Another approach — line o@orgﬁ%leﬂ%) oﬂé’rﬁefd in
x-direction... V2 +pe

V4
g E‘roTO\ = JEIinedy = Jpziiﬂ ay

h _ P Ji?f+2hd

ﬂm

X
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SHEET SURFACE CHARGE: DIRECT INTEGRATION

pe s [ h
=—10 ——a
2me ( +ZJ_OO y2 + h? y)
peh (5 (7 1 )
= — ———d
27'('8 (zj_oc y2+h2 y

e (o’ron (I);))
me h

o0

— o0
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SPHERICAL SURFACE CHARGE

1 Method |
r 1. Draw picture
2. Write "Coulomb’s
Law”:
4 dE= —R
4re|R)3

3. Define dQ = psdS =
V' psasin (0) dods

4. Define R = fr

= _psa®sin ()
=T )

K P

dode
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SPHERICAL SURFACE CHARGE (CONT'D)

21 2
f J Apsa sin ( d@dd)

471'5

2 27r
:f%[a d¢fo sin (6) d6

20/22




Schedule
‘‘‘‘‘‘‘‘
AAAAAAA

YOUR TURN: SPHERICAL VOLUME CHARGE

z
R .
1. Draw picture

2. Write "Coulomb’s
Law”:

<

. aQ -
dE= "R
Are|RP
3. Define dQ = pydV —

pyr2sin (0) drdode
4. Define R = R
. 2
dE =7 4”V;? sin (8) drdf €l

7T€3

J 21/22



Schedule .
‘‘‘‘‘‘‘‘
AAAAAAA

SPHERICAL VOLUME CHARGE (CONT'D)

. 27 pmo orQ 2
E:f prvr sin (0) drdfde

0 0 0 471'8/?3
. py 27 T a 5
= r4ml?3fo d¢L sin (0) do : rear

E=t

3eR8
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