Needs["Optica Optica "]

e L

Optica 3.0 was |oaded in 7 s and needs
11987 kil obytes of menory on top of 7246 kil obytes al ready used

Grating compressor defined in Backus et al. Rev. Sci.
Instrum.,p. 1207. Vol 69, (1998).

CW = 0. 8; (xCenter Wavel ength [um]x)

GW = 600; (*+ Grooves / nm =)

GS=10; (*+ Grating Separation [mm] =x)

TH=13.89; (» incident angle [Degrees]x)

BW= 0. 050; (xBandwi dth [um] =)

S1 = Mbve[Si ngl eRay [WaveLengt h » CWL
Synbol i cWaveLengt h-» &, Intrinsi cMedi um- Vacuum], {0, 0}, 180];

S2 = Move [Rai nbowOf Rays [ {CW. - BW/ 2, CW + BW/ 2}, Nunber Of Rays » 111, {0, 0}, 180];

Gl = Move[GatingMrror [GW {1, 1}, DiffractedOrders- {{-1, 1.5}, {0, 0}, {1, 0}}1,
{0, 0}, (TH)1;

@ =Mve[GatingMrror [GW {1, 1}, DiffractedOrders- {{-1, 0}, {0, 0}, {1, 1.5}}1,
{GS/Cos[TH®°], 0}, (TH)1;

Rl = Mwve[Mrror [{1, 1}], {-1, 0}1;

Bl = Boundary[{-2, -1, -1}, {12, 1, 1}]

sys = {S1, Gl, &, Rl, &, Gl, Bl};

sysl={S2, Gl, &, Rl, &, G, Bl};

Tur boPl ot [sys1, Pl ot Type -» TopVi ew]

-traced system-




2

Backus_symbolic.nb

Retrieve optical path length as a function of wavelength

res = TurboTrace[sys, Optical Length, Qutput Type - RayTraceFuncti on, Sequenti al Trace -» True]

{RayTraceFuncti on - RayTraceFuncti on[{A}, -raytrace code: 1971224 Bytes- ],
Synbol i cVal ues - {1 - 0. 8}, EnbedRays —» True, EnbedThreshol dl ntensity - True,
EnbedGenerati onLi mt - True, RayTracePreci si on— 15. 9546}

rayfunc = (RayTraceFunction /. res)

RayTraceFunction[ {1}, -raytrace code: 1971224 Bytes- ]

Calculate group delay as a function of wavelength and frequency

¢ = 299792 458 000(=speed of light in mm/sx)

299792458 000

Delay[x_]:=rayfunc[a] /c/1%"-15 (» Group delay through the conpressor in [fs] %)
Pl ot [Del ay[A] - Del ay [CW.], {A, CW\ -BW/2, CAL + BW/ 2}, Pl ot Range -» Al |,
AxeslLabel - {"Wavel ength [um]", "Rel ative G oup Delay [fs]"}]

Relative Group Delay [fs]

400 -

200 -

! ! ! Wavelength [um
0.79 .80 0.81 0.82 oth L]

—-200 -

—-400
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G
Frequ[x_]:=2m —————
Ax1x"-3

c
Vavel [w_]1:=2 78 — —
wx1x"-3

Pl ot [Del ay [Wavel [w]] - Del ay [CW.], {w, Frequ[CW. -BW/2], Frequ[CW + BW/ 21},
Pl ot Range » Al | , AxesLabel » {"w [Hz]", "Relative Goup Delay [fs]"}]

Relative Group Delay [fs]
\40»’

200 [
[ 232x10834x10836x
-200}

““““““U)[HZ]
38 10'2.4x 109.42x 10%°

—400
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Calculate Derivatives

fl=Fit [Tabl e[{w, Fi r st [Del ay [Wavel [©]]]1}, {w, Frequ[CW. + BW/ 2], Frequ[CW - BW/ 2],
Frequ[CW - BW/ 2] - Frequ[CQW + BW/ 2]

100
Del ayw[x_] : = Eval uat e[f 1]
9x Del ayw[Xx] ]

}] {1, x, x"2, x"3, x4, x"5, x"6}, x];

GVDw([x_] : = Eval uat e[

1x"-15
O, x Del ayw[x]
TODw[x_] : = Eval uat e[xx—]
1x"-30
O, x,x Del ayw[Xx]
FODw([x_] : = Eval uate[ kel Y ]
1%"-45

Compare Results to Table Il p .1212 Rev. Sci. Instrum. Vol. 96 (1998)

The above calculations was for double - passing the compressor. For the comparison the results need to be divided by 2

Tabl eFor m[ {{"GVD', GVDw[Frequ[0.8]]/2, "fs 2"},
{"TOD', TODw[Frequ[0.8]]/2, "fs"3"}, {("FOD', FODw[Frequ[0.8]]1/2, "fs"4"}}]

G/D -3567.62 fs”2
TOD 5101.09 fs”3
FOD -10225.7 fs™4
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pl = Pl ot [0.5« (Del ay[A] - Del ay[CWAL]), {A, CW -BW/2, CW. + BW/ 2},
Pl ot Range » Al | , AxesLabel - {"Wavel ength [um]", "Rel ative G oup Delay [fs]"}];
p2 = Pl ot [0. 5% GVDw[Frequ[A]]l, {A CW -BW/2, COA +BW/ 2},
Pl ot Range » Al | , AxeslLabel - {"Wavel ength [pgm]", "GVD [fs"2]"}]1;
p3 =Plot [0.5%*TODw[Frequ[a]l]l, {A CW -BW/2, CA +BW/2},
Pl ot Range » Al | , AxesLabel - {"Wavel ength [pgm]", "TOD [fs"3]"}]1;
p4 =Pl ot [0.5xFODw[Frequ[A]], {A, CW -BW/2, CW +BW/ 2},
Pl ot Range » Al | , AxesLabel - {"Wavel ength [pgm]", "FOD [fs"4]"}]1;
Show[Gr aphi csArray[{{pl, p2}, {p3, p4}}, G aphicsSpacing- 0.05, Frane -» True]]
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Try Symbolic Calculation

syntrace = Synbol i cTrace[sys, {A> 0}, SeriesOrder -6, MakeFl oati ngPoi nt - Al |,
Report edPar anet ers -» {Synbol i cOpti cal Lengt h}, | ncl udeUser Ter s - {1},
Local Coor di nat eExpansi ons - None (*, Runni ngConment ar y-»Truex) 1;

ol = SynbolicOptical Length/c/1+"-15 /. syntrace

Del aysym[a_] : = Evaluate[ol ] (» Group delay in fsx)

1

149896 229
500000000000 (52. 9322 - 0. 839642 1 + 6. 84511 2% - 6. 63417 2° + 7. 20719 2* - 3. 92741 2° + 1. 12095 1°)

Pl ot [Del aysym[a] - Del aysym[CAL], {A, CW. -BW/2, CW + BW/ 2},
Pl ot Range » Al | , AxesLabel - {"Wavel ength [um]", "Rel ative G oup Delay [fs]"}]

Relative Group Delay [fs]

400 -
200 -

Wavelength [um]

0.79 .80 0.81 0.82
-200 +

—-400

Pl ot [Del aysym[Wavel [w]] - Del aysym[CW.], {w, Frequ[CW. - BW/2], Frequ[CW + BW/ 2]},
Pl ot Range » Al | , AxesLabel » {"w [Hz]", "Relative G oup Delay [fs]"}]

Relative Group Delay [fs]
\40}’
200

L L s b e b L L [HZ)
2.32x 10834 x 10236 X 10838 x 10'2.4 x 10'2.42 x 10*°

—200/-

—400
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GVDwsym[x_] : = Eval uat e[

8y Del aysym[Frequ[x]] ]

1x"-15
9x, x Del aysym[Frequ[x]]
TODwsym[x_] : = Eval uat e[ e ]
1%"-30
Ax, x,x Del aysym[Frequ[x]]
FODwsym[x_] : = Eval uat e[ ke ]
1+"-45

Compare Results to Table Il p .1212 Rev. Sci. Instrum. Vol. 96 (1998)

The above calculations was for double - passing the compressor. For the comparison the results need to be divided by 2

Tabl eForm[ {{"GVD', GVDwsym[Frequ[0.8]]/2, "fs"2"},
{"TOD', TODwsym[Frequ[0.81]1/2, "fs"3"}, {"FOD', FODwsym[Frequ[0.8]1]1 /2, "fs"4"}}]

GV/D -3567.62 fs”2
TOD 5101.09 fs”3
FOD -10225.7 fs™4

pls = Pl ot [0.5 % (Del aysym[A] - Del aysym[CW.]), {A, CW -BW/2, CW +BW/ 2},
Pl ot Range » Al | , AxesLabel - {"Wavel ength [um]", "Rel ative G oup Delay [fs]"}];
p2s = Pl ot [0. 5« GVDwsym[Frequ[A]], {A, CAL - BW/2, CW + BW/ 2},
Pl ot Range » Al | , AxesLabel - {"Wavel ength [pgm]", "GVD [fs"2]"}]1;
p3s = Pl ot [0. 5% TODwsym[Frequ[A]], {A, CW -BW/2, O\ + BW/ 2},
Pl ot Range - Al | , AxesLabel - {"Wavel ength [um]", "TOD [fs"3]"}1;
p4s = Pl ot [0. 5 % FODwsym[Frequ[A]], {A, CW -BW/2, CW + BW/ 2},
Pl ot Range » Al | , AxeslLabel - {"Wavel ength [pgm]", "FOD [fs"4]"}];
Show[Gr aphi csArray[{{pls, p2s}, {p3s, p4s}}, G aphi csSpaci ng- 0.05, Frame - True]]
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Compare numeric results to symbolic results

pld = Pl ot [0.5 % ((Del aysym[a] - Del aysym[CAL]) - (Del ay[A] - Del ay [CW.])),
{A, OW. -BW/2, CW +BW/ 2}, PlotRange » Al |,
AxesLabel - {"Wavel ength [um]", "Delta G oup Delay [fs]"}];
p2d = Pl ot [0. 5 % (GVDwsym[Frequ[A]] - GVDw[Frequ[A]]l), {A, CW\L -BW;2, CW + BW/ 2},
Pl ot Range » Al | , AxesLabel - {"Wavel ength [um]", "Delta GVD [fs”"2]"}];
p3d = Pl ot [0. 5% (TODwsym[Frequ[A]] - TODw[Frequ[A]]l), {A, CW -BW/2, CW + BW/ 2},
Pl ot Range » Al | , AxesLabel - {"Wavel ength [um]", "Delta TOD [fs"3]1"}];
p4d = Pl ot [0.5 % (FODwsym[Frequ[A]] - FODw[Frequ[A]]l), {A, COW -BW/2, CW + BW/ 2},
Pl ot Range » Al | , AxesLabel - {"Wavel ength [um]", "Delta FOD [fs"4]"}];
Show[Gr aphi csArray[{{pld, p2d}, {p3d, p4d}}, G aphi csSpaci ng- 0.05, Frame - True]]
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