
Engineering 7811 Sample Data Sheet

~∇× ~E
˜

= −∂ ~B
˜∂t

; ~∇· ~D
˜

= ρ
˜
v ; ~∇× ~H

˜
= ~J

˜
+

∂ ~D

∂̃t
; ~∇· ~B

˜
= 0 ; ~D

˜
= ε ~E

˜
; ~B

˜
= µ ~H

˜

ε0 = 8.854×10−12 ≈ 10−9

36π
F/m ; µ0 = 4π×10−7 H/m ; ε = ε0(1+χe) ; µ = µ0(1+χm)

~D
˜

= ε0 ~E
˜

+ ε0χe ~E
˜

= ε0 ~E
˜

+ ~P
˜

; ~B
˜

= µ0 ~H
˜

+ µ0χm ~H
˜

= µ0( ~H
˜

+ ~M
˜

)

~∇ · ~J
˜

= −∂ρv
∂̃t

; ~J
˜
cnv = ρ

˜
v~v ; ~J

˜
= σ ~E

˜
; ~A

˜
(~r, t) ≡ ~A

˜
= Re

{

~Aejωt
}

~F = Q( ~E + ~v × ~B) ; vp =
1√
µε

; c =
1√
µ0ε0

; c = 3 × 108 m/s ; vp = fλ

k =
2π

λ
= ω

√
µε ; jk = α + jβ ; β =

2π

λ
; η =

√

µ

ε
; η0 =

√

µ0

ε0
; η0 ≈ 120π Ω

~∇× ~E = −jω ~B ; ~∇ · ~D = ρv ; ~∇× ~H = ~J + jω ~D ; ~∇ · ~B = 0

~E(~r) = −~∇Φ(~r) ; Φ(~r) = V (~r) =
∫

v′

ρv(~r
′)dv′

4πε|~r − ~r′| ; ~∇2
Φ = −ρv

ε

~A(~r) =
∫

v′

µ0
~J(~r′)dv′

4π|~r − ~r′| = µ0
~J(x, y, z)

∗
3d

1

4π|~r|

~∇2
Φ + k2Φ = −ρv

ε
; ~∇ · ~A = −jωµεΦ ; ~A(~r) =

∫

v′

µ0
~J(~r′)e−jk|~r−~r

′|dv′

4π|~r − ~r′|

Φ(~r) =
∫

v′

ρv(~r
′)e−jk|~r−~r

′|dv′

4πε|~r − ~r′| ; ~∇2 ~E + k2 ~E = 0

~E = −jω ~A − j

ωµε
~∇(~∇ · ~A) ; η =

Eθ

Hφ

; F(ω)e−jωa ⇔ f(t − a)

~P
˜

=
1

2
Re

{

~E × ~H∗
}

+
1

2
Re

{

~E × ~Hej2ωt
}

; ~Pa =
1

2
Re

{

~E × ~H∗
}

; ~Pa =
1

2η
| ~E|2r̂ .

U =
dPr
dΩ

=
1

2
r2Re

{

~E × ~H∗
}

· r̂ ; U0 =
Pr
4π

; D(θ, φ) =
U(θ, φ)

U0

=
dPr/dΩ

Pr/4π

G(θ, φ) = 4π
U(θ, φ)

Pin

; G(θ, φ) = εrD(θ, φ) ; EIRP = PinGmax ; εr =
Rr

Rr + RL

I(z′) = I0 sin

[

k

(

`

2
− |z′|

)]

~E(~r) = Eθθ̂ =
jηI0e

−jkr

2πr





cos
(

k`
2

cos θ
)

− cos
(

k`
2

)

sin θ



 θ̂

~H(~r) = Hφφ̂ =
jI0e

−jkr

2πr





cos
(

k`
2

cos θ
)

− cos
(

k`
2

)

sin θ



 φ̂ .

ρ̂ φ̂ ẑ
x̂· cos φ − sin φ 0
ŷ· sin φ cos φ 0
ẑ· 0 0 1

r̂ θ̂ φ̂
x̂· sin θ cos φ cos θ cos φ − sin φ
ŷ· sin θ sin φ cos θ sin φ cos φ
ẑ· cos θ − sin θ 0

φ = tan−1
(

y

x

)

; θ = cos−1

(

z

|~r|

)

; dΩ = sin θdθdφ

~r = ρ ρ̂ + z ẑ ; d~L = d~r = dρρ̂ + ρdφφ̂ + dzẑ ; d~r = drr̂ + rdθθ̂ + r sin θdφφ̂

~∇ϕ =
∂ϕ

∂ρ
ρ̂ +

1

ρ

∂ϕ

∂φ
φ̂ +

∂ϕ

∂z
ẑ ; ~∇ϕ =

∂ϕ

∂r
r̂ +

1

r

∂ϕ

∂θ
θ̂ +

1

r sin θ

∂ϕ

∂φ
φ̂

~∇ · ~A =
1

ρ

∂(ρAρ)

∂ρ
+

1

ρ

∂Aφ

∂φ
+

∂Az

∂z
; ~∇ · ~A =

1

r2

∂(r2Ar)

∂r
+

1

r sin θ

∂(Aθ sin θ)

∂θ
+

1

r sin θ

∂Aφ

∂φ

egill
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egill
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~∇ · ~∇ϕ =

(

∂2ϕ

∂x2
+

∂2ϕ

∂y2
+

∂2ϕ

∂z2

)

= ~∇2ϕ ; ~∇ · ~∇Φ = −ρv
ε

; ~∇2Φ = 0

~∇2 ~A =

[

∂2

∂x2
+

∂2

∂y2
+

∂2

∂z2

]

(

~A
)

;
∮

S

~A · d~S =
∫

vol

~∇ · ~A dv ;
∮

C

~A · d~L =
∫

S

(

~∇× ~A
)

· d~S

d~Sr = r2 sin θdθdφr̂ ; d~Sθ = r sin θdrdφθ̂ ; d~Sφ = rdrdθφ̂ ; dΩ =
dS

r2
= sin θdθdφ

~∇× ~A =
1

ρ

∣

∣

∣

∣

∣

∣

∣

ρ̂ ρφ̂ ẑ
∂
∂ρ

∂
∂φ

∂
∂z

Aρ ρAφ Az

∣

∣

∣

∣

∣

∣

∣

; ~∇× ~A =
1

r2 sin θ

∣

∣

∣

∣

∣

∣

∣

r̂ rθ̂ r sin θφ̂
∂
∂r

∂
∂θ

∂
∂φ

Ar rAθ r sin θAφ

∣

∣

∣

∣

∣

∣

∣

|AF| =

∣

∣

∣

∣

∣

∣

sin
(

MΨ
2

)

sin
(

Ψ
2

)

∣

∣

∣

∣

∣

∣

; Ψ = β + kd cos α ; MΨ = ±(2i + 1)π , i ∈ N

MΨ

2
= ±iπ , 1 ∈ N (but i 6= M, 2M, 3M, . . .) ; BW1/2 = 2∆φ1/2 =

2.65λ

πMd

sin θ =
ejθ − e−jθ

2j
; cos θ =

ejθ + e−jθ

2
; sin

(

θ

2

)

= ±
√

1 − cos θ

2

sin(a ± b) = sin a cos b ± cos a sin b ; cos(a ± b) = cos a cos b ∓ sin a sin b

D(φ) ≈ Mkd

π





sin
(

Mkd
2

cos φ
)

Mkd
2

cos φ





2

; cos

(

θ

2

)

= ±
√

1 + cos θ

2

D(φ) ≈ 2Mkd

π





sin
(

Mkd(cosφ−1)
2

)

Mkd(cos−1)
2





2

; BW1/2 = 2∆φ1/2 = 3.26

[

λ

πMd

]1/2

|AF| = 2N
∣

∣

∣

∣

∣

cosN
(

kd cos φ

2

)
∣

∣

∣

∣

∣

;

(

N
n

)

=
N !

(N − n)!n!
;

tanβ

β
= 2 − 2β

k`

Rr =
η

4π
[0.5772 + ln(2πn) − Ci(2πn)] ; X =

η

4π
Si(2πn)

R21 =
η

4π
[2Ci(v0) − Ci(v1) − Ci(v2)] ; X21 = − η

4π
[2Si(v0) − Si(v1) − Si(v2)]

v0 = kd ; v1 = k
(√

d2 + `2 + `
)

; v2 = k
(√

d2 + `2 − `
)

G =
4π

λ2
Ae ; Ae = εapAp ; Pr =

[

GtGrλ
2

(4πr)2

]

Pt

~A(~r) =
µe−jkr

4πr
~N ; ~N =

∫ ∫

S

~Js(~r
′)ejkr

′ cosψdS ′

~F (~r) =
εe−jkr

4πr
~L ; ~L =

∫ ∫

S

~Ms(~r
′)ejkr

′ cosψdS ′

~EA = −jω
[

Aθθ̂ + Aφφ̂
]

; ~HA =
jω

η

[

Aφθ̂ − Aθφ̂
]

~EF = jωη
[

−Fφθ̂ + Fθφ̂
]

; ~HF = −jω
[

Fθθ̂ + Fφφ̂
]




