City University of Hong Kong
Electrical Engineering
Semester A 2023-2024

EE2104 Introduction to Electromagnetics
Assignment 2 Solution

Deadline 5 Oct 2023 at 1:00 pm
Please put down your name and university ID.

1. Find the values of the following mathematical expressions:
@ P=["_[" sin(p)z2dedz
z=1Y¢=0
(b) Q = g—i at(x,y) = (m,0) , where S(x,y) = cos(x? + y?)
2
(c) R = ZTZ at(x,y) = (m,0), where T(x,y) = x?1(2 + 3y)

Solution:
For (a),
2 T
P= j szzf sinpdp =
z=1 »=0
2 2 223]° 14
f z?dz - [—cos @]T = 2f z?dz = l—l = — =~ 4.667
z=1 z=1 3 1 3
For (b),

Replace S(x,y) = cos(x? + y?) in Q we have:

_ dcos(x® +y?)
B 0x
Since (x,y) = (1, 0),
Q = —2x-sin(x? + y?) = =2 = («) - sin(m? + 0%) = 2.704

= —sin(x? + y?) - d(x?) = —2x - sin(x? + y?)

For (c),
. 9°T 0 a[x*'(2+3y)] 9 3221 — 0
~dy? 0y dy Toy YT
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2. Consider a line along the y-axis at y = 0 to 23 (in meters). It contains electric charges of density
P = pro (1 + y/L)for some constant p; , = 5nC/m. Find the total charge.

The total charge is:
23
Q= f pLdy
0

1 y2 23
et
0

=5x%x107° x 23+1 25" 0

= (23 + 55— ]
=1.725x1077C
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On the xy-plane, a circular disc centered at the origin has a radius b = 23 cm. It contains electric

charge with a surface charge density of ps(p, ¢).

(a) Find the total charge when pg = 2.1 pC/m?.

(b) Find the total charge when ps = A exp (p?/b?) for A = 0.4 nC/m>.

(c) Find the total charge when ps = B exp(p?/b?) sin? ¢ for B = 0.8 nC/m>.
Remember to use the correct unit(s).

Solution:
@) ps(p, @) = 2.1 pC/m>=2.1 x 10712 C/m?, b =23 cm =23 X 1072 m, ds = pdpd¢

b
.ﬁ]
2O

- O] =3.490 x 10713C

(23 x 1072)2

=21 (21x10712). -

(b) ps = Aexp (p?/b?), A=0.4nC/m*=0.4 X 107°C/m?%, b =23 cm =23 x 1072 m, ds =
pdpd¢o

2

21 b 2\1?
Q= f psds = Af dd)f exp (p?/b?) - pdp = 2mA - [Yexp <’Z—2>]
0 0 0

Disc
2

b
=2m-(0.4 %1079 7 (e—1)=1.1422x10"1°C
(c) ps = Bexp(p?/b?)sin? ¢, B=0.8 nC/m?=0.8 X 107°C/m?%, b =23 cm =23 X 1072 m,
ds = pdpd¢

21 b p2
Q= f psds = BJ;) sin? d)dd)L exp (b—2>pdp =1.1422 x 10~ 1°¢C

Disc

since

b
Jbexp o pdp = bZeXp L éi(e—-1)
o b2 b? 2

21T 21T 1 _
f sin? pdep = J‘ 1 cos(2¢) dp =
0
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4. Consider a voltage V(x,y) = bV,/x for Vo= 3 (in volts) and b = 3 (in meters).
(a) Is V(x,y) a scalar field or a vector field?
(b) Plot V'versus x at y = b, 2b, and 3b. Label the axes accurately.
(c) Plot V'versus y at x = b, 2b, and 3b. Label the axes accurately.
(d) Plot the contour lines on the xy-plane for V'=0.25V,, 0.50V%, 0.75V5, and V5.
(e) Given that the electric field E = —grad(V), find E(x, y).
Remember to indicate the vectors using proper notation(s).

Solution:
(a) V(x,y) is a scalar field.
(b) Since V only depends on x, the changes of y will not change V, plot is shown in Fig 1,

where set x =€ [0,1].

1000

— ) =b,2b,3b

800 |

600 ||

Vox

=b*

400 L

4

200 L

0 0.2 0.4 0.6 0.8 1

Figure 1
(c) V only depends on x, set y € [0,1], plot is shown in Figure 2.

3

x=b
x =2b
x =3b
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Figure 2
(d) Replace V by 0.25V,, 0.50V, 0.75V,, and Vo, we have:

_ bV, _
OZSVO = 7 ->x =12

bV,
OSVO = 7 -x=6
bV,
075VO :T—>X:4
bV,

Vo = — =3
0 X - X

Curves are given in Figure 3, where y € [0,1],.
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V=v
— 0
V=075V
0.8 L 0
V=05V 0
V=025V
0.6 | - i
04 L
02 L
0 I
2 4 6 8 10 12
(e) Since E = —grad(V)
v _ v _ oV _ e bV 9
E= —(ax+@y+gz) = —(=bVpx )x+0y+Oz=?x=px
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5. Consider two points A(L, 0) and B(0, L) on the xy-plane for some positive distance L. Find the
electric field E(0, 2L) under the following conditions.

(a) Point charges +Q and —Q are put at 4 and B, respectively.

(b) Infinite line charges of densities +pr and —pr are put at 4 and B, respectively. The line charges
are parallel to the z-axis.
Remember to use write the rectangular unit vectors correctly with the “hats”.

The problem is defined in Figure 2. The electric field at point P is the superposition of the electric
fields from point A and point B to point P.

A(L,0)

Figure 2 Problem Definition

(a) Two Point charges +Q and —Q are put at 4 and B, respectively.

Unit vector from A4 to P:
R AP —LxX + 2Ly —X+ 2y
Ay = — = =
AT AP [P+ QLAY2T B
Unit vector from B to P:

. _BP _0%+Ly
apg = |B—P-| - [L2]1/2 =Y

When 4 contains charge +Q and B contains —(Q, the field E at point P can be obtained by the
superposition principle and the Coulomb’s Law:

F= Q s ap
- —_—_— 2 2

4meo | |ap|”  |BP
0 [—3? +2y ¥
4megl 5512 L2

Q
= —0.0894x — 0.82119y
41e, L2 ( x 2

(b) Infinite line charges of densities +pr, and —pr are put at 4 and B, respectively. The line
charges are parallel to the z-axis.
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Fo_ P gy G [_ P .[—9?+237_3_7
= ————| =
27'[80 |AP| |BP| 27'[80 5L L
PL o N
= —0.2% — 0.6
2megL ( X )
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