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3.1 material response , time-domain

P̃
(2)
µ (r, t) = ε0

∞∫
−∞

∞∫
−∞

R
(2)
µα1α2(t− τ1, t− τ2)Ẽα1(r, τ1)

Ẽα2(r, τn)dτ1 dτ2 (20)

[Missing tilde.]

P̃
(n)
µ (r, t) = ε0

∫∞
−∞ · · ·

∫∞
−∞ R

(n)
µα1···αn(t− τ1, · · · , t− τn)

Ẽα1(r, τ1) · · · Ẽαn(r, τn)dτ1 · · · dτn (21)

[Missing tilde.]

3.2 material response , frequency-domain

P̃
(2)
µ (r, t) = ε0

∑
α1,α2
∈(x,y,z)

∞∫
−∞

∞∫
−∞

R
(2)
µα1,α2(τ1, τ2)

 ∞∫
−∞

∞∫
−∞

Eα1(r,ω1)Eα2(r,ω2)ei(ω1τ1+ω2τ2)e−i(ω1+ω2)t

dω1 dω2] dτ1 dτ2

= ε0
∑
α1α2
∈(x,y,z)

∞∫
−∞

∞∫
−∞

χ
(2)
µα1α2(ωσ;ω1,ω2)

Eα1(r,ω1)Eα2(r,ω2)e−iωσt dω1 dω2 (25)

[Missing minus sign in exponential expression.]

P̃
(n)
µ (r, t) = ε0

∑
α1,··· ,αn
∈(x,y,z)

∞∫
−∞
· · ·

∞∫
−∞

R
(n)
µα1,··· ,αn(τ1, . . . , τn)

[∫∞
−∞ · · ·

∫∞
−∞ Eα1(r,ω1) · · ·Eαn(r,ωn)ei(ω1τ1+···+ωnτn)

e−i(ω1+···+ωn)t dω1 · · · dωn
]

dτ1 · · · dτn

= ε0
∑

α1,··· ,αn
∈(x,y,z)

∫∞
−∞ · · ·

∫∞
−∞ χ

(n)
µα1···αn(ωσ;ω1, . . . ,ωn)

Eα1(r,ω1) · · ·Eαn(r,ωn)e−iωσt dω1 · · · dωn (26)

[Missing minus sign in exponential expression. Three dots instead of
one dot.]
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3.3 effective susceptibility

E(r,ωj) = E(r,ωj)ê(j) = E(r,ωj)
∑

µ∈(x,y,z)

cµê(j)µ (30)

[Missing expansion coefficients.]

P(n)(r,ω) = ε0
∑

µ∈(x,y,z)

∑
α1,··· ,αn
∈(x,y,z)

∫∞
−∞ · · ·

∫∞
−∞

χ
(n)
µα1···αn(ωσ;ω1, . . . ,ωn)E(r,ω1)cα1 ê

(1)
α1 · · ·E(r,ωn)cαn ê(n)αn

δ(ω−ωσ)dω1 · · · dωnêµ

= ε0êp
∫∞
−∞ · · ·

∫∞
−∞ χ

(n)
eff(ωσ;ω1, . . . ,ωn)

E(r,ω1) · · ·E(r,ωn)δ(ω−ωσ)dω1 · · · dωn
(31)

[Missing expansion coefficients.]

êpχ
(n)
eff(ωσ;ω1, . . . ,ωn) =∑

µ,α1,··· ,αn
∈(x,y,z)

χ
(n)
µα1···αn(ωσ;ω1, . . . ,ωn)êµcα1 ê

(1)
α1 · · · cαn ê(n)αn (32)

[Missing expansion coefficients. Missing polarization unit vector.]

3.3.1 Magnesium doped Lithium Niobate crystal

In the simulations discussed in this project we are focusing on mag-
nesium doped (5%) Periodically Poled Lithium Niobate (MgO:PPLN) crys-
tals. The highest effective susceptibility for this type of crystals is for the
coupling between electric fields all polarized along the extraordinary
axis of the crystal, corresponding to the x-axis in laboratory coordi-
nates according to...
[x-axis instead of y-axis]

The χccc tensor element is utilized by polarizing all the interacting
fields along the extraordinary axis, the x-axis with the choice of axis
seen...
[x-axis instead of y-axis]

MgO:PPLN crystals are chosen in this thesis since it fits the require-
ment of DFG at pump wavelength 1064nm, idler wavelength 1570nm
and signal wavelength 3313nm since QPM phase match...
[3313nm instead of 1064nm]
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4.4 special cases

4.4.1 Quasi monochromatic wave

Ẽ(z, t) =
1

2

[
Ã1(z, t)ei(k0,1z−ω0,1t) + Ã∗1(t, z)e

−i(k0,1z−ω0,1t)
]

(53)

[Missing tilde. Ã∗1(t, z) instead of A, t∗1(z)]

4.4.2 Continuous wave

∂

∂t
A(r, t) = 0 (54)

[Missing tilde. A(r, t) instead of E(r, t)]

4.4.3 Plane wave

∇⊥Ã(r, t) = 0 (55)

[Missing tilde.]

4.4.4 Slowly Varying Envelope Approximation

∂2

∂z2
Ã(r, t)� 2ik0

∂

∂z
Ã(r, t) (56)

[Missing tilde.]

4.5 monochromatic spatial wave

4.5.1 Orthonormal basis of Laguerre-Gaussian modes

clp is an appropriate normalization constant
[clp instead of CLGlp ].

Aj(r, θ, z) =
∑
p>0

Cj,p,0uj,p,0(r, θ, z) (59)

[Missing expansion coefficients.]
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5.1 second harmonic

5.1.1 Slowly varying, monochromatic, plane wave

where it is assumed that χ(2)eff = χ
(2)
eff(2ω0,1;ω0,1,ω0,1) = . . .

[χ(2)eff(2ω0,1;ω0,1,ω0,1) instead of χ(2)eff(2ω0,1;ω0,1)].

...since all interacting fields are polarized along the extraordinary
axis of the crystal, the x-axis according...
[x-axis instead of y-axis.]

Difference Frequency Generation is the process of two incoming
fields, ω2 and ω3 generates a field of the difference frequency ω1 =

ω3 −ω2. [Inconsistency with naming of signals in figure and cap-
tion.]

5.3 depletion

The weak coupling approximation is the assumption that the pump wave
only transfers a small fractions of energy to the idler and signal mean-
ing that the amplitude is approximately constant along the crystal,
daω3

dz = 0.
[aω3 instead of aω1 .]

5.4 phase match

5.4.3 Sellmeier equations

The largest second order non-linearity is, as mentioned in Section
5.4.1, achieved by the interaction of field all polarized along the ex-
traordinary axis of the crystal.
[Missing section reference.]

5.5 pulse propagation

5.5.1 Retarded time frame

...and we assume that all field are polarized along the x-direction
according to laboratory coordinates as...
[x-axis instead of y-axis.]
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5.6 quantum fluctuation

Second harmonic generation depends only on the presence of the
pump frequency and the process of generating the double frequency
initializes even without the presence of the second harmonic wave.
[Removed misplaced word double.]

...we estimate that an average pump power of 175mW for a 7ns
pulse at a repetition rate of 200µs gives a pump peak power of ap-
proximate 10 kW. This pump creates a signal pulse of peak power
180mW. Inserting this into Equation 111 estimates the quantum fluc-
tuations to 1.1mW.
[200µs instead of 20µs. 10 kW instead of 1.1mW.]

5.6.1 Estimating the quantum noise level

where g is the gain parameter and apump(z) it the square root of the
pump photon flux as defined in...
[Added square root of the.]

7.0 plane waves

Axis on Figure 16a is wrong. Should be the same as the one on Figure
16b.

8.1 slightly confined modes

8.1.1 Strong coupling

P(n) =

∣∣∣∣∣∣
∑
j=1···n

ajuj,0

∣∣∣∣∣∣
2

(118)

[Square of the numerical value of the sum. aj instead of Uj.]

9.3 measurements

9.3.1 Estimation of quantum noise level

Using now that a pump power of 175mW creates a non depleted
pulse of power ≈ 8mW and inserting this into Equation 111 yields
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that Isignal(0) = 100 kW/ m2.
[Isignal(0) = 100 kW/ m2 instead of Isignal(0) = 10mW/ m2.]

If however a narrow seed of ≈ 100 kW/ m2 is applied then the
simulation should approximate the configuration.
[Isignal(0) = 100 kW/ m2 instead of Isignal(0) = 10mW/ m2.]
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[Wrong title.]
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