Lecture 7: Field manipulation

(1) Introduction
(2) Asimple spectral filter function

(3) Example: Phase modulation
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Lecture 7: Field manipulation

Field manipulation:
Access the setup as shown here:

Manipulation x

Propagation parameter ~ #* x

[,—ﬂ Save ¥

75 Load =

¥\ field manipulation - Setup >
“y standard propagation
A saturable absorber
\\\ pulse injection >
S custom filter

/& rate equation gain
¥\, field manipulation
A polarization element

EO nonlinear loop mirror

Create Pulse change repetition rate to 0 Hz

Create double pulse by adding a copy of the field Delay Pulse (temporal shift) 00 + | ps

0.0 v ps amount 500 .+ 9%

Sy Center Pulse

take phase shift into account (Mach-Zehnder equivalent)

Complex Multiplication Temporal Domain Complex Multiplication Spectral Domain

Loop over the array values, each complex amplitude value is modified accerding
(Ar + i Ai)_new = (a + ib) (Ar + i Ai)_old
a 1 = a 1 .
b 0 S b O v

During the loop over all data points, the following variables are accessible for describing the real and imaginary part for multiplication
in addition to all other parser values. They are evaluated each step in the loop.

h - helper variable 0 - h - helper variable 0

k - integrated to index 0 - k - integrated to index 0

t - time in sec wl - wavelength in m

f - frequency in Hz

Ar - real part of complex amplitude
Ai - imaginary part of complex amplitude
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Lecture 7: Field manipulation

Field manipulation:
o Example: A simple spectral filter function

v| Complex Multiplication Spectral Domain

plex amplitude value is modified according

The complex multiplications in the temporal and = (a +ib) (Ar + i A)_old

spectral domain allow for direct manipulation of the L sart(0.9%exp(-(wl-1080e-9)"2/(2*(20e-9/2. -
data array values of the field. As the field A(T) or A(w) is
complex, the terms to multiply can be complex, but

need to be scripted as real and imaginary parts. Asin

the dialog, this multiplication given by a loop over each

value in the array:

b O

Spectral.width.m=20.000 nm Spectrum

(Areat + iAimag) poy = (@ + D) (Arear + iAimag) 51q

To make a 90% transmission filter at 1080 nm with a
FWHM width of 20 nm (1/e”2), the equation needs to be |
for the real part only™

Power / W ps”2
0
<]
o

a = sqrt(0.9*exp(-(wl-1080e-9)"2/(2*(20e-9/2.355)"2)))

*See https://en.wikipedia.org/wiki/Full_width_at_half_maximum, for simplicity, the equation is
done using a wavelength scaled axis

0.0 - —
0.9%0 1.020 1.050 1.080 1.110 1.140

Wavelength / um
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Lecture 7: Field manipulation

Field manipulation:
o Example: Phase modulation

In phase modulation, the phase of the electric field is changed (for instance, by an optical
phase modulator) to acquire an additional phase. Mathematically, this phase ¢(t) is added to
the current phase of the field and the outcome expressed by:

Eout = Einei(p(t)
Because this is a complex multiplication in the time domain, the setup in fiberdesk for an
example signal of

@(t)=5 * cos(2p *6*109 Hz * t)

needs to be taken in Euler form, see dialog entries.  /Complex Muttiplication Temporal Domain
cos(5%cos(2*3. 1415%109%6%t))

i | sin{5*cos(2*3. 1415%10°956%1))
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