EE3109 Applied Electromagnetics
2024/25 Semester B
Week 1: Tutorial Solution

1. Ifp(x,y,z) =5xz + x3y?, find Vo (or grad @) at the point (-1,2,2).
Solution

The gradient of a scalar field ¢ is a vector that represents both the magnitude and direction
of the maximum space rate of increase of ¢. Mathematically:
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Given ¢(x,y,z) = 5xz + x3y?,

d d
a—f = a(sz + x3y?) = 5z + 3x%y?

d o
dy
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a—(Zp = E(sz + x3y?) = 5«x

d
= 3y (5xz + x3y?) = 2x3y

Thus, V ¢ = (5z + 3x*y?)a, + 2x>y)a, + (5x)a,
Substitute x = -1, y =2 and z = 2 to getV ¢ = 22a, — 4a, — 5a,

2. If A =y?zi+xy32%) — x3yz3k, find V.A (or div A) at the point (1,-2,2).

Solution a o A
VA= 6xx+ 6yy+ azz
aaix = ;—x(yZZ) =0; % = %(xﬁzz) = 3xy’z?; aaiz = %(—x3yz3) = —3x3yz2
Thus;

V- A =3xy%z? — 3x3yz?

Substitute x =1, y=—2 and z = 2:
V-A=72



3. If A = x%yi + 3xy32%] — 5xz%k, find V x A (or curl A) at the point (2,1,-1).

Solution
a, a, a,
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where A, =x%y, Ay, =3xy3z*> and A, = —5xz*
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dy 0z d0x 0z d0x
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VXA=(0-6xy’z)a, — (=5z* - 0)ad, + 3y3z* —x?)a,
VX A= (—6xy32z)a, + (5z%)a, + (3y3z* — x?)a,
Substitute x =2, y=1 and z = -1
VXA=124a,+54, - d,

4. Find the time domain expression of
(a) I = 0.6£67° [A]; (b) V = 26j2 — (3m/4) [mV]; (c) H = 43 exp(—j(37z + 90°))
[A/m]

Solution

(a) I = 0.6£67° [A]
A given a phasor quantity [ = [,,,26 has a time domain expression | =
I, cos(wt + 0)
Where I, = 0.6 and 6 =67°
Thus;
[ = 0.6 cos(wt + 67°) [A]

(b) V = 26j2 — (31/4) [mV]
Recall that j = e/™/?
Then V = 26j2 — (3m/4) = 26e/™/2e=J3T/* = 26~ IBT/4=T/2) [mV]
V =26cos(wt +m/2 —3m/4) = 26 cos(wt — 1 /4) [mV]

(c) H=143exp(—j(37z+90°)) [A/m]

H = 43¢ 7(37243) = 43 cos(wt — 37z — m/2) [A/m]
H = 43sin(wt — 37z) [A/m]



5. Find the phasor expression of
(a) H(r,t) = 0.6 cos(wt — x — 2y) [A/m]
(b) E(r,t) = 0.6 sin(wt — 3x + 4y + 34°) [E/m]
(c) V(z,t) = Acos(wt — z) + Asin(wt + z)
(d) V(z,t) = Acos(wt — z + 60°) + Asin(wt + 2z — 30°)

Solution

(a) H(r,t) = 0.6 cos(wt — x — 2y) [A/m]
A time-domain expression of the form H(t) = H,, cos(wt + 6) has a phasor form
E=E,0
By comparison; H,, = 0.6 and 6 = —x — 2y
H = 0.6e /*e= /2y

(b) E(r,t) = 0.6 sin(wt — 3x + 4y + 34°)
?
|
|
|

“—-—= cos (wt)
" -90°

sin (wt)

Thus sin wt = cos(wt — 90°)
We can therefore rewrite the given equation as:
E = 0.6 cos(wt — 3x + 4y + 34° — 90°) = 0.6 cos(wt — 3x + 4y — 56°)
By comparison; E,, = 0.6 and 6 = —3x + 4y — 56°
The corresponding phasor expression is therefore;
E =0.64(—3x + 4y — 56°)
E = 0.6€_j56€j(_3x+4y)
E = 0.6e /567 /3% /4y

(c) V(z,t) = Acos(wt — z) + Asin(wt + z) = A[cos(wt — z) + cos(wt + z —w/2)]
V = A(e™/% + elZe=Im/2)

(d) V(z,t) = Acos(wt — z + 60°) + Asin(wt + 2z — 30°)
= Acos(wt — z + 60°) + A cos(wt + 2z — 30° — 90°)
= Acos(wt — z + 60°) + A cos(wt + 2z — 120°)
=Ae—jzej7t/3 +AejZZe—j2n/3

NB:
(1) e*e? = e*Y  and e¥/eY =e* 7V
(i) j=elm/? and —j = e Jm/?
(i) Jj=+e™* and J—j=te /T4

(iv) eT=el"=-1



6. If the voltage across a 10 [nF] capacitor is V(z,t) = A cos(wt — fz), write the phasor for

.. . av
the current flowing into and out of the capacitor (remember, [ = C o ).

Solution
V(zt) = Acos(wt — f2)
In phasor notation;
V = Ae IF?
1= c Y _ L ye-ipe
T Cactt

where %X (t) = jwX
I =jwCAe P = joy x 10 x 107°4e/F?  [4]

7. The electric field of an electromagnetic wave E(r,t) = a,E, cos [1087r (t — E) + 9] is

the sum of Z
E.(r,t) = a,0.03 sin [10°7 (¢ — EZ)] an;i
E,(r,t) = a,0.04 cos |10 (¢ — E) - 5]
(i.e. E(r,t) = E{(r,t) + E;(r,t)). Find E, and 6.
Solution
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- cos (wt) -cos (wt) 4—6%—» cos (wt)
[ -90° +180°
sin‘zwt)

sin (wt)
(a) (b)
Recall the following:
From fig. (a)
sin wt = cos(wt — 90°)
From fig. (b)
cos wt = —cos(wt — 180°)
cos wt = —cos(wt + 180°)
Also:
Ae’® = A(cos B + jsin )
Re[Ae/®] = Acos 8
Thus,
_ z
Ey(r,t) = a,0.03 sin |10 (£ — E)]
VA4
= a,0.03 cos [ 10°7 (¢ — E) - E]

= dyRe [0.03e_]gej108n(t_%)]



Likewise:

Ez(l‘, t) = a,0.04 cos [1087.[ (t _ ;) B g]

= Gy Re [0.04e_jge]'108n(t_%)]
In phaSOI' fOrm’

Hence,
E = El + Ez
L 108wz T 1087z . 1087z
a,|E,e’®e™ ¢ | =a,|0.03e’zZe /"¢ |+a,|0.04e /3 c
i _ 1087z . . _ 108wz
ay[Eoei®le e =a, [o.ose JZ 4 0.04e fz]e =
i _.10°7mz i _ 1087z
a [Ege’®le™ ¢ =a,(0.068¢7/+27)e /"¢
Comparing both sides of the equation yields;
Ey, =0.068 and 6 =—1.27 rad
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