
1 Problem 1

Ā = âx + 2ây + 3âz

B̄ = 2âx + 3ây − 3âz

Determine the following:

(i) Unit vectors âA and âB

â = Ā

|Ā|
= âx+2ây+3âz√

14

b̂ = B̄

|B̄|
= 2âx+3ây−3âz√

22

(ii) Ā · B̄
Ā · B̄ = (1 ∗ 2) + (2 ∗ 3) + (3 ∗ −3) = 2 + 6 − 9 = −1

(iii) Angle between vectors Ā and B̄

Ā · B̄ =
∣

∣Ā
∣

∣

∣

∣B̄
∣

∣ cos θ

cos θ = Ā·B̄

|Ā||B̄|
= −1√

14
√

22
⇒ θ = cos−1

(

−1√
14

√
22

)

= 93.27◦

(iv) Projection of the vector Ā along direction b̂

Ā · b̂ = 2+6−9√
22

= −1√
22

(= −0.2132)

(v) Ā × B̄

Ā × B̄ =

∣

∣

∣

∣

∣

∣

âx ây âz

1 2 3
2 3 −3

∣

∣

∣

∣

∣

∣

= −15âx + 9ây − âz
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2 Problem 2

Ā = bâx + cây + 3âz

B̄ = âx − 3ây + âz

(i) Determine the values of the constants b and c if Ā and B̄ are parallel
to each other.
Ā ‖ B̄ ⇒ Ā × B̄ = 0
∣

∣

∣

∣

∣

∣

âx ây âz

b c 3
1 −3 1

∣

∣

∣

∣

∣

∣

= (c + 9) âx + (3 − b) ây − (3b + c)

c + 9 = 0 ⇒ c = −9
b − 3 = 0 ⇒ b = 3
3b + c = 0 ⇒ c = −3b OKAY!

(ii) Determine the values of the constants b and c if Ā and B̄ are normal
to each other.
Ā ⊥ B̄ ⇒ Ā · B̄ = 0 = b − 3c + 3 ⇒ b − 3c = −3 or b = 3c − 3
Check boundaries: if c = 0 then b = −3, and if b = 0 then c = 1.
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3 Problem 3

Ē = xyâx + yzây − x2âz

B̄ = z2âx − 3xzây + xyâz

Determine the following:

(i) ∇ · Ē
∇ · Ē = ∂

∂x
Ex + ∂

∂y
Ey + ∂

∂z
Ez = y + z + 0 = y + z

(ii) ∇ · B̄
∇ · B̄ = 0 − 0 + 0 = 0 by Maxwell’s eqns

(iii) ∇× Ē

∇× Ē =

∣

∣

∣

∣

∣

∣

âx ây âz
∂
∂x

∂
∂y

∂
∂z

xy yz −xz

∣

∣

∣

∣

∣

∣

= −yâx + 2xây − xâz

(iv) ∇× B̄

∇× B̄ =

∣

∣

∣

∣

∣

∣

âx ây âz
∂
∂x

∂
∂y

∂
∂z

z2 −3xz xy

∣

∣

∣

∣

∣

∣

= 4xâx + (2z − y) ây − 3zâz

3



4 Problem 4

In free space, the electric field vector is given by Ē =100 e
π

2 e−
πz

2 ây

Determine the following:

(i) Polarization of the electric field
ây

(ii) Direction of propagation
+z

(iii) Wavelength λ

β = π
2

= 2π
λ
⇒ λ = 2π

π

2

= 4m

(iv) Frequency
f = c

λ
= 3×108

4
= 75 MHz (note: ω = 2πf = 150π × 106 rad/s)

(v) Actual electric field (time domain form)
E(z, t) = 100 cos

(

ωt− πz
2

+ π
2

)

ây V/m

(vi) Magnetic field vector H̄

H̄ = Ē
η

= − 5

6π
e

π

2 e−πzâx A/m
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5 Problem 5

In free space, the electric field vector is given by Ē = 40 cos (π108t + βz) âx

Determine the following:

(i) Polarization of the electromagnetic field
âx

(ii) Direction of propagation
−z

(iii) Wavelength λ

λ = c
f

= 2πc
ω

=
2π(3×108)

π108 = 6m

(vi) Frequency
f = ω

2π
= π108

2π
= 50 MHz

(v) Magnetic field vector H̄

H̄ = Ē
η

= − 40
120π

cos (π108t + βz)ây
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