
A) Equivalent circuit for a photodiode
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B) Broadband transimpedance amplifier
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Vshot = ishot RF = RF sqrt(2 e idc)

Vth,RSH= RF sqrt[4 k T / RSH]
Vth,RF = sqrt[4 k T RF] (>>Vth,RSH)
Vth,RS ~ RF sqrt[4 k T RS]  / RSH * (1+i f / fSH) / (1+i f / fS)

( fSH=1/(2 pi RSH Cd), fS=1/(2 pi RS Cd) )
Vth,RS@f=0 = RF sqrt[4 k T RS] / RSH

Vth,RS@f=High = RF sqrt[4 k T / RS]

RF

i RSH

RF

RSH = 4 k T/idark
2 

~100M Ohm for 1.3x10-14A/Hz1/2

RS ~ 10 Ohm
Cd ~ 100pF

Cd

RS
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Noise of RS is dominant
(i.e. current noise of RS, or voltage noise of RS amplified by  RF/RS)
RSH can be ignored
Vth ~ RF sqrt[4 k T / RS] |(i f / fS) / (1+i f / fS)|

Vshot=Vth  when 
idc = 2 k T /(e RS) |(i f / fS) / (1+i f / fS)|2

Amplifier noise is dominant (unless RSH~RF)
Vth ~ sqrt[4 k T RF]

Vshot=Vth  when 
idc = 2 k T /(e RF)
e.g. idc = 0.05mA  for  RF=1000 Ohm ==> (Vth = 4nV/Hz1/2)

Low freq regime

Vshot = RF sqrt(2 e idc)

High freq regime



Also note that the bandwidth of the PD is limited by Cd RF

fc = sqrt[GBW / (2 pi Cd RF)]
e.g. GBW=1GHz, Cd =100pF, RF=1000 Ohm ==> fc ~ 40MHz
http://lhocds.ligo-wa.caltech.edu:8000/40m/40m_Library?action=AttachFile&do=get&target=PD_TF_20011019.pdf

With the example parameters:  fS=160MHz
most of the case f<fS

idc = 2 k T /(e RS) * (f / fS)2 = 5 (f  / 160MHz)2  [mA]
Vth ~ RF (f / fS) * sqrt[4 k T / RS] = 40 (f  / 160MHz)  [nV/Hz1/2]

i.e. The noise of RF is dominant at f<16MHz 



Lext
i

RS

Cd
Lext @fres i Rres=Lext/(CdRS)

C) conventional iLIGO PD

Vshot = sqrt(2 e idc) Rres

Vth = sqrt(4 k T Rres)

Vshot=Vth  when
idc = 2 k T /(e RRES)

= 2 k T Cd RS /(e Lext)
idc = 2 k T Cd RS /(e Lext) = 2 k T /(e RS) * (fres/fS)2 

Equivaent to the broadband case!
Vth = sqrt(4 k T Rres) = RS (fS/fres) * sqrt(4 k T / RS)
Amplifier requirement
resonant vs broadband: Rs (fs/f) > (f/fs) when f < 500MHz

Apparently we can ignore shunt regulator RSH



Resonant condition: Lext =(1/Cd+1/Cext)/(2 pi fres)2

Vshot = sqrt(2 e idc) RS (fS+fext)fS/(fres)2

Vth = (fS+fext)/fres sqrt(4 k T RS) Slightly larger than c)
(fS=1/(2 pi RS Cd),  fext=1/(2 pi RS Cext) )

Vshot=Vth  when
idc = 2 k T /(e RS) * (fres/fS)2

Equivalent to the iLIGO PD case!

The cut off freqs fS and fext higher, the amplification of the signal larger 
(i.e. easier to work with)

Cext

i

D) aLIGO like PD

Lext

Cext

Lext

RS

Cd

Again the shunt regulator is ignored.
Rs may include the series resistor of the external capacitor.



Lext

Resonant condition: Lext =(1/Cd+1/Cext)/(2 pi fres)2 Same as D)

Vshot = sqrt(2 e idc) RS (fS fext)/(fres)2 Smaller than D)
Vth = (fS+fext)/fres sqrt(4 k T RS) Same as D)

Vshot=Vth  when
idc = 2 k T /(e RS) * (fres/fS+fres/fext)2

Worse than D) case

In general the performance is worse than the case D) 
owing to the smaller amplification of the signal

Cext i

D') aLIGO like PD (C/L swapped)

Cext

LextRS

Cd
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     ")"}]}]}], ";"}]], "Input",
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}, Open  ]],

Cell[CellGroupData[{

Cell["aLIGO style resonant PD", "Section",
 CellChangeTimes->{{3.500613468455072*^9, 3.500613477996975*^9}}],

Cell[BoxData[
 RowBox[{"Lext", "=."}]], "Input",
 CellChangeTimes->{{3.500613670107067*^9, 3.500613670456957*^9}}],

Cell[BoxData[
 RowBox[{
  RowBox[{"w", "=", 
   RowBox[{"2", " ", "\[Pi]", " ", "f"}]}], ";"}]], "Input",
 CellChangeTimes->{{3.500604181027347*^9, 3.500604184704286*^9}}],

Cell[BoxData[
 RowBox[{
  RowBox[{"Z1", "=", 
   RowBox[{"1", "/", 
    RowBox[{"(", 
     RowBox[{"I", " ", "w", " ", "Cd"}], ")"}]}]}], ";"}]], "Input",
 CellChangeTimes->{{3.500604178251463*^9, 3.500604218343667*^9}, {
  3.5006043897150173`*^9, 3.500604393034606*^9}}],

Cell[BoxData[
 RowBox[{
  RowBox[{"Z2", "=", 
   RowBox[{"Rs", "+", 
    RowBox[{"1", "/", 
     RowBox[{"(", 
      RowBox[{"I", " ", "w", " ", "Cext"}], ")"}]}], "+", 
    RowBox[{"I", " ", "w", " ", "Lext"}]}]}], ";"}]], "Input",
 CellChangeTimes->{{3.500604178251463*^9, 3.500604236406947*^9}, {
  3.500604385780868*^9, 3.500604387923663*^9}}],

Cell[BoxData[{
 RowBox[{
  RowBox[{"i1", "=", 
   FractionBox["Z2", 
    RowBox[{"Z1", "+", "Z2"}]]}], ";"}], "\[IndentingNewLine]", 
 RowBox[{
  RowBox[{"i2", "=", 
   FractionBox["Z1", 
    RowBox[{"Z1", "+", "Z2"}]]}], ";"}]}], "Input",
 CellChangeTimes->{{3.5006042466962337`*^9, 3.500604279194759*^9}, {
  3.5006138140127373`*^9, 3.5006138224453087`*^9}}],

Cell[CellGroupData[{

Cell["\<\
Shot noise vs thermal noise (Lext grounded)\
\>", "Subsection",
 CellChangeTimes->{{3.5006047587509117`*^9, 3.500604779349015*^9}, {
  3.5006134907420597`*^9, 3.5006135013486347`*^9}, {3.5006144779681396`*^9, 
  3.50061448975104*^9}}],

Cell[CellGroupData[{

Cell[BoxData[
 RowBox[{"VL", "=", 
  RowBox[{"i2", " ", "I", " ", "w", " ", "Lext"}]}]], "Input",
 CellChangeTimes->{{3.500604420595807*^9, 3.500604447976294*^9}, {
  3.500604587078453*^9, 3.50060458792596*^9}, {3.500613766278523*^9, 
  3.500613776542314*^9}, {3.500614266569631*^9, 3.500614270231721*^9}}],

Cell[BoxData[
 FractionBox["Lext", 
  RowBox[{"Cd", " ", 
   RowBox[{"(", 
    RowBox[{
     RowBox[{"-", 
      FractionBox["\[ImaginaryI]", 
       RowBox[{"2", " ", "Cd", " ", "f", " ", "\[Pi]"}]]}], "-", 
     FractionBox["\[ImaginaryI]", 
      RowBox[{"2", " ", "Cext", " ", "f", " ", "\[Pi]"}]], "+", 
     RowBox[{"2", " ", "\[ImaginaryI]", " ", "f", " ", "Lext", " ", "\[Pi]"}],
      "+", "Rs"}], ")"}]}]]], "Output",
 CellChangeTimes->{{3.500613766605989*^9, 3.500613776958714*^9}, 
   3.500613824839916*^9, 3.500613930473892*^9, 3.5006141736714697`*^9, 
   3.5006142705859118`*^9, 3.500614500270553*^9, 3.500614563800641*^9}]
}, Open  ]],

Cell[CellGroupData[{

Cell[BoxData[
 RowBox[{"denL", "=", 
  RowBox[{
   RowBox[{"Denominator", "[", "VL", "]"}], 
   RowBox[{"Denominator", "[", 
    RowBox[{"VL", " ", "/.", 
     RowBox[{
      RowBox[{"Complex", "[", 
       RowBox[{"a_", ",", "b_"}], "]"}], "\[Rule]", 
      RowBox[{"a", "-", 
       RowBox[{"I", " ", "b"}]}]}]}], "]"}]}]}]], "Input",
 CellChangeTimes->{{3.500604282279108*^9, 3.500604359940566*^9}, {
   3.500604440547531*^9, 3.500604443938343*^9}, {3.500604474714102*^9, 
   3.500604489616129*^9}, 3.500604754034318*^9, {3.500613716441504*^9, 
   3.500613720088498*^9}, {3.500613764103853*^9, 3.500613780214959*^9}, {
   3.50061383115705*^9, 3.50061383850945*^9}, {3.500614105605207*^9, 
   3.5006141075326967`*^9}, {3.500614283450201*^9, 3.500614285678784*^9}}],

Cell[BoxData[
 RowBox[{
  SuperscriptBox["Cd", "2"], " ", 
  RowBox[{"(", 
   RowBox[{
    FractionBox["\[ImaginaryI]", 
     RowBox[{"2", " ", "Cd", " ", "f", " ", "\[Pi]"}]], "+", 
    FractionBox["\[ImaginaryI]", 
     RowBox[{"2", " ", "Cext", " ", "f", " ", "\[Pi]"}]], "-", 
    RowBox[{"2", " ", "\[ImaginaryI]", " ", "f", " ", "Lext", " ", "\[Pi]"}], 
    "+", "Rs"}], ")"}], " ", 
  RowBox[{"(", 
   RowBox[{
    RowBox[{"-", 
     FractionBox["\[ImaginaryI]", 
      RowBox[{"2", " ", "Cd", " ", "f", " ", "\[Pi]"}]]}], "-", 
    FractionBox["\[ImaginaryI]", 
     RowBox[{"2", " ", "Cext", " ", "f", " ", "\[Pi]"}]], "+", 
    RowBox[{"2", " ", "\[ImaginaryI]", " ", "f", " ", "Lext", " ", "\[Pi]"}], 
    "+", "Rs"}], ")"}]}]], "Output",
 CellChangeTimes->{{3.50061383143908*^9, 3.500613839013557*^9}, 
   3.5006139480908823`*^9, 3.500614109107409*^9, {3.50061417434046*^9, 
   3.500614183571868*^9}, {3.500614277439931*^9, 3.500614288795554*^9}, 
   3.5006145003332777`*^9, 3.500614563919148*^9}]
}, Open  ]],

Cell[CellGroupData[{

Cell[BoxData[
 RowBox[{"solL", "=", 
  RowBox[{
   RowBox[{"PowerExpand", "[", 
    RowBox[{"FullSimplify", "[", 
     RowBox[{"Solve", "[", 
      RowBox[{
       RowBox[{
        RowBox[{"D", "[", 
         RowBox[{"denL", ",", "f"}], "]"}], "\[Equal]", "0"}], ",", "Lext"}], 
      "]"}], "]"}], "]"}], "[", 
   RowBox[{"[", "2", "]"}], "]"}]}]], "Input",
 CellChangeTimes->{{3.500604361022504*^9, 3.500604369756113*^9}, {
   3.500604408090966*^9, 3.5006044133903*^9}, {3.500605396007011*^9, 
   3.50060540082113*^9}, {3.500613526726791*^9, 3.500613531237623*^9}, 
   3.50061361057977*^9, {3.500613694016707*^9, 3.50061369463297*^9}, {
   3.500613951322241*^9, 3.500613953224988*^9}, 3.5006139976173267`*^9, {
   3.500614158283318*^9, 3.500614159026729*^9}, {3.500614335365926*^9, 
   3.5006143914511957`*^9}}],

Cell[BoxData[
 RowBox[{"{", 
  RowBox[{"Lext", "\[Rule]", 
   FractionBox[
    RowBox[{"Cd", "+", "Cext"}], 
    RowBox[{"4", " ", "Cd", " ", "Cext", " ", 
     SuperscriptBox["f", "2"], " ", 
     SuperscriptBox["\[Pi]", "2"]}]]}], "}"}]], "Output",
 CellChangeTimes->{{3.500614159328784*^9, 3.5006141844676743`*^9}, 
   3.500614289498617*^9, {3.5006143422319927`*^9, 3.5006143918565073`*^9}, 
   3.500614500439715*^9, 3.5006145640604477`*^9}]
}, Open  ]],

Cell[CellGroupData[{

Cell[BoxData[
 RowBox[{"VshotL", "=", 
  RowBox[{"FullSimplify", "[", 
   RowBox[{"PowerExpand", "[", 
    RowBox[{"FullSimplify", "[", 
     RowBox[{"PowerExpand", "[", 
      RowBox[{
       RowBox[{"VL", 
        SqrtBox[
         RowBox[{"2", "e", " ", "idc"}]]}], "/.", 
       RowBox[{"solL", "[", 
        RowBox[{"[", "1", "]"}], "]"}]}], "]"}], "]"}], "]"}], 
   "]"}]}]], "Input",
 CellChangeTimes->{{3.500604496644877*^9, 3.500604511638714*^9}, 
   3.500604566869362*^9, {3.5006048063444033`*^9, 3.500604808070516*^9}, 
   3.500604853190838*^9, 3.500605405189578*^9, {3.5006054735818663`*^9, 
   3.500605477915072*^9}, {3.5006137392203608`*^9, 3.50061374139977*^9}, {
   3.500613972800836*^9, 3.5006139900571632`*^9}}],

Cell[BoxData[
 FractionBox[
  RowBox[{
   RowBox[{"(", 
    RowBox[{"Cd", "+", "Cext"}], ")"}], " ", 
   SqrtBox["e"], " ", 
   SqrtBox["idc"]}], 
  RowBox[{"2", " ", 
   SqrtBox["2"], " ", 
   SuperscriptBox["Cd", "2"], " ", "Cext", " ", 
   SuperscriptBox["f", "2"], " ", 
   SuperscriptBox["\[Pi]", "2"], " ", "Rs"}]]], "Output",
 CellChangeTimes->{{3.500604502985837*^9, 3.500604512299717*^9}, {
   3.500604567200273*^9, 3.500604596541336*^9}, {3.500604792161017*^9, 
   3.500604808332962*^9}, {3.500604853747171*^9, 3.5006048552325706`*^9}, {
   3.500605401906431*^9, 3.500605422202683*^9}, {3.500605474160223*^9, 
   3.500605478866507*^9}, 3.500613517064351*^9, {3.500613724868559*^9, 
   3.500613742014633*^9}, 3.500613786389847*^9, 3.500613863983306*^9, {
   3.5006139668632927`*^9, 3.5006139904961147`*^9}, {3.500614096574861*^9, 
   3.500614109770339*^9}, 3.500614185836368*^9, 3.500614401678762*^9, 
   3.50061450050062*^9, 3.5006145641546917`*^9}]
}, Open  ]],

Cell[CellGroupData[{

Cell[BoxData[
 RowBox[{"VnL", "=", 
  RowBox[{
   RowBox[{
    SqrtBox[
     RowBox[{"4", " ", "k", " ", 
      RowBox[{"T", " ", "/", " ", "Rs"}]}]], "*", "I", " ", "w", " ", 
    "Lext"}], "/.", "solL"}]}]], "Input",
 CellChangeTimes->{{3.5006051238048267`*^9, 3.5006051581641273`*^9}, {
  3.500605224603175*^9, 3.500605278903573*^9}, {3.500605348575411*^9, 
  3.500605386837262*^9}}],

Cell[BoxData[
 FractionBox[
  RowBox[{"\[ImaginaryI]", " ", 
   RowBox[{"(", 
    RowBox[{"Cd", "+", "Cext"}], ")"}], " ", 
   SqrtBox[
    FractionBox[
     RowBox[{"k", " ", "T"}], "Rs"]]}], 
  RowBox[{"Cd", " ", "Cext", " ", "f", " ", "\[Pi]"}]]], "Output",
 CellChangeTimes->{
  3.500605205315856*^9, {3.500605383472578*^9, 3.500605422251514*^9}, {
   3.5006054747251577`*^9, 3.500605478916761*^9}, 3.5006138048216476`*^9, 
   3.500613870081326*^9, {3.50061409676895*^9, 3.500614110650483*^9}, 
   3.500614186600524*^9, 3.500614404467697*^9, 3.50061450056339*^9, 
   3.500614564267227*^9}]
}, Open  ]],

Cell[CellGroupData[{

Cell[BoxData[
 RowBox[{"Solve", "[", 
  RowBox[{
   RowBox[{"VshotL", "\[Equal]", "VnL"}], ",", "idc"}], "]"}]], "Input",
 CellChangeTimes->{{3.50060548141761*^9, 3.500605492313555*^9}}],

Cell[BoxData[
 RowBox[{"{", 
  RowBox[{"{", 
   RowBox[{"idc", "\[Rule]", 
    RowBox[{"-", 
     FractionBox[
      RowBox[{"8", " ", 
       SuperscriptBox["Cd", "2"], " ", 
       SuperscriptBox["f", "2"], " ", "k", " ", 
       SuperscriptBox["\[Pi]", "2"], " ", "Rs", " ", "T"}], "e"]}]}], "}"}], 
  "}"}]], "Output",
 CellChangeTimes->{{3.500605485987248*^9, 3.500605492721498*^9}, 
   3.500613881489414*^9, {3.500614108869113*^9, 3.500614111525669*^9}, 
   3.500614187345098*^9, 3.500614405188661*^9, 3.500614500636405*^9, 
   3.500614564387135*^9}]
}, Open  ]]
}, Open  ]],

Cell[CellGroupData[{

Cell["\<\
Shot noise vs thermal noise (Cext grounded)\
\>", "Subsection",
 CellChangeTimes->{{3.5006047587509117`*^9, 3.500604777453013*^9}, {
  3.5006144711763144`*^9, 3.500614495639327*^9}}],

Cell[CellGroupData[{

Cell[BoxData[
 RowBox[{"VC", "=", 
  RowBox[{"i2", " ", "/", 
   RowBox[{"(", 
    RowBox[{"I", " ", "w", " ", "Cext"}], ")"}]}]}]], "Input",
 CellChangeTimes->{{3.500604420595807*^9, 3.5006044635364647`*^9}, 
   3.500604585303114*^9, {3.500604782559824*^9, 3.500604783645403*^9}, {
   3.500614194385659*^9, 3.500614197098298*^9}, 3.500614259328185*^9}],

Cell[BoxData[
 RowBox[{"-", 
  FractionBox["1", 
   RowBox[{"4", " ", "Cd", " ", "Cext", " ", 
    SuperscriptBox["f", "2"], " ", 
    SuperscriptBox["\[Pi]", "2"], " ", 
    RowBox[{"(", 
     RowBox[{
      RowBox[{"-", 
       FractionBox["\[ImaginaryI]", 
        RowBox[{"2", " ", "Cd", " ", "f", " ", "\[Pi]"}]]}], "-", 
      FractionBox["\[ImaginaryI]", 
       RowBox[{"2", " ", "Cext", " ", "f", " ", "\[Pi]"}]], "+", 
      RowBox[{
      "2", " ", "\[ImaginaryI]", " ", "f", " ", "Lext", " ", "\[Pi]"}], "+", 
      "Rs"}], ")"}]}]]}]], "Output",
 CellChangeTimes->{3.500614260042376*^9, 3.5006144061909323`*^9, 
  3.500614500704496*^9, 3.500614564491827*^9}]
}, Open  ]],

Cell[BoxData[
 RowBox[{
  RowBox[{"denC", "=", 
   RowBox[{
    RowBox[{"Denominator", "[", "VC", "]"}], 
    RowBox[{"Denominator", "[", 
     RowBox[{"VC", " ", "/.", 
      RowBox[{
       RowBox[{"Complex", "[", 
        RowBox[{"a_", ",", "b_"}], "]"}], "\[Rule]", 
       RowBox[{"a", "-", 
        RowBox[{"I", " ", "b"}]}]}]}], "]"}]}]}], ";"}]], "Input",
 CellChangeTimes->{{3.500604282279108*^9, 3.500604359940566*^9}, {
   3.500604440547531*^9, 3.500604443938343*^9}, {3.500604474714102*^9, 
   3.500604489616129*^9}, {3.500604598590049*^9, 3.500604611517764*^9}, 
   3.5006141373398237`*^9, 3.5006144123476458`*^9}],

Cell[CellGroupData[{

Cell[BoxData[
 RowBox[{"solC", "=", 
  RowBox[{"Last", "[", 
   RowBox[{"Solve", "[", 
    RowBox[{
     RowBox[{"D", "[", 
      RowBox[{
       RowBox[{"Expand", "[", "denC", "]"}], ",", 
       RowBox[{"{", "Lext", "}"}]}], "]"}], "\[Equal]", "0"}], "]"}], 
   "]"}]}]], "Input",
 CellChangeTimes->{{3.500604361022504*^9, 3.500604369756113*^9}, {
  3.500604408090966*^9, 3.5006044133903*^9}, {3.500604603628605*^9, 
  3.500604638263483*^9}, {3.500604677650619*^9, 3.5006047034503107`*^9}, {
  3.5006142057624083`*^9, 3.500614211063487*^9}}],

Cell[BoxData[
 RowBox[{
  RowBox[{"Solve", "::", "\<\"svars\"\>"}], 
  RowBox[{
  ":", " "}], "\<\"\\!\\(\\*StyleBox[\\\"\\\\\\\"Equations may not give \
solutions for all \\\\\\\\\\\\\\\"solve\\\\\\\\\\\\\\\" \
variables.\\\\\\\"\\\", \\\"MT\\\"]\\) \
\\!\\(\\*ButtonBox[\\\"\[RightSkeleton]\\\", ButtonStyle->\\\"Link\\\", \
ButtonFrame->None, ButtonData:>\\\"paclet:ref/message/Solve/svars\\\", \
ButtonNote -> \\\"Solve::svars\\\"]\\)\"\>"}]], "Message", "MSG",
 CellChangeTimes->{
  3.5006143022139072`*^9, {3.50061441321362*^9, 3.500614415926103*^9}, 
   3.500614500835842*^9, 3.5006145647300453`*^9}],

Cell[BoxData[
 RowBox[{"{", 
  RowBox[{"Lext", "\[Rule]", 
   FractionBox[
    RowBox[{"Cd", "+", "Cext"}], 
    RowBox[{"4", " ", "Cd", " ", "Cext", " ", 
     SuperscriptBox["f", "2"], " ", 
     SuperscriptBox["\[Pi]", "2"]}]]}], "}"}]], "Output",
 CellChangeTimes->{
  3.500614302254694*^9, {3.500614413216889*^9, 3.500614415929577*^9}, 
   3.500614500889925*^9, 3.500614564731509*^9}]
}, Open  ]],

Cell[CellGroupData[{

Cell[BoxData[
 RowBox[{"VshotC", "=", 
  RowBox[{"FullSimplify", "[", 
   RowBox[{
    RowBox[{"VC", 
     SqrtBox[
      RowBox[{"2", "e", " ", "idc"}]]}], "/.", 
    RowBox[{"solC", "[", 
     RowBox[{"[", "1", "]"}], "]"}]}], "]"}]}]], "Input",
 CellChangeTimes->{{3.500604496644877*^9, 3.500604511638714*^9}, 
   3.500604566869362*^9, {3.500604642139566*^9, 3.500604656346792*^9}, {
   3.500604812013873*^9, 3.500604848256179*^9}}],

Cell[BoxData[
 RowBox[{"-", 
  FractionBox[
   SqrtBox[
    RowBox[{"e", " ", "idc"}]], 
   RowBox[{"2", " ", 
    SqrtBox["2"], " ", "Cd", " ", "Cext", " ", 
    SuperscriptBox["f", "2"], " ", 
    SuperscriptBox["\[Pi]", "2"], " ", "Rs"}]]}]], "Output",
 CellChangeTimes->{{3.500604502985837*^9, 3.500604512299717*^9}, 
   3.500604567200273*^9, {3.500604644295079*^9, 3.500604660975808*^9}, 
   3.500604709717455*^9, 3.5006048016907063`*^9, {3.500604842522099*^9, 
   3.5006048553970327`*^9}, 3.500605422411203*^9, 3.50060547911543*^9, 
   3.500614423210758*^9, 3.500614501145116*^9, 3.5006145648183117`*^9}]
}, Open  ]],

Cell[CellGroupData[{

Cell[BoxData[
 RowBox[{"VnC", "=", 
  RowBox[{
   RowBox[{
    SqrtBox[
     RowBox[{"4", " ", "k", " ", 
      RowBox[{"T", " ", "/", " ", "Rs"}]}]], "*", "I", " ", "w", " ", 
    "Lext"}], "/.", "solC"}]}]], "Input",
 CellChangeTimes->{{3.500605418292148*^9, 3.500605419500517*^9}}],

Cell[BoxData[
 FractionBox[
  RowBox[{"\[ImaginaryI]", " ", 
   RowBox[{"(", 
    RowBox[{"Cd", "+", "Cext"}], ")"}], " ", 
   SqrtBox[
    FractionBox[
     RowBox[{"k", " ", "T"}], "Rs"]]}], 
  RowBox[{"Cd", " ", "Cext", " ", "f", " ", "\[Pi]"}]]], "Output",
 CellChangeTimes->{3.500610763675021*^9, 3.500614432641461*^9, 
  3.500614501223735*^9, 3.5006145649422197`*^9}]
}, Open  ]],

Cell[CellGroupData[{

Cell[BoxData[
 RowBox[{
  RowBox[{"Solve", "[", 
   RowBox[{
    RowBox[{"VshotC", "\[Equal]", "VnC"}], ",", "idc"}], "]"}], "//", 
  "FullSimplify"}]], "Input",
 CellChangeTimes->{{3.500605500064829*^9, 3.500605501001027*^9}, {
  3.5006055824708776`*^9, 3.5006055841699753`*^9}}],

Cell[BoxData[
 RowBox[{"{", 
  RowBox[{"{", 
   RowBox[{"idc", "\[Rule]", 
    RowBox[{"-", 
     FractionBox[
      RowBox[{"8", " ", 
       SuperscriptBox[
        RowBox[{"(", 
         RowBox[{"Cd", "+", "Cext"}], ")"}], "2"], " ", 
       SuperscriptBox["f", "2"], " ", "k", " ", 
       SuperscriptBox["\[Pi]", "2"], " ", "Rs", " ", "T"}], "e"]}]}], "}"}], 
  "}"}]], "Output",
 CellChangeTimes->{3.500605501249922*^9, 3.500605584507165*^9, 
  3.500614440325474*^9, 3.500614501344343*^9, 3.5006145650127497`*^9}]
}, Open  ]]
}, Open  ]]
}, Open  ]]
},
WindowSize->{1920, 1058},
WindowMargins->{{0, Automatic}, {796, Automatic}},
ShowSelection->True,
FrontEndVersion->"7.0 for Mac OS X x86 (32-bit) (February 18, 2009)",
StyleDefinitions->"Default.nb"
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