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Pound-Drever-Hall locking allows for the extraction of an error signal at maximum trans-

mitted power. Maximum transmitted power occurs when the optical cavity has a length that

is an integer multiple of the input beam wavelength. This matching of the cavity length to

the input beam wavelength is the resonance condition required and can be seen in Figure 8.

The optical powers incident on the photodiodes in Figure 7 are plotted in Figure 8 as the

cavity length is swept. An error signal cannot be extracted from power alone near resonance

since any deviation results in a power drop as can be noticed by the cavity length sweep in

Figure 8. Figure 8 illustrates how a decrease in power does not reveal any information about

which direction the piezo-electric transducer needs to change the length of the cavity so that

it remains on resonance. Taking a derivative of the cavity length sweep would reveal a useful

error signal, but it would require time domain variations which would cause unwanted power

fluctuations.

Near resonance, the reflected phase has the correct function shape for an error signal as

seen in Figure 8, but power-measuring photodiodes cannot measure phase alone. This is

where the Pound-Drever-Hall locking technique comes into play. Pound-Drever-Hall sensing

extracts an error signal from the reflected phase by adding sidebands to the input beam then

measuring the optical power in reflection and finally demodulating. Demodulating allows

for the beat between the transmitted carrier and reflected sidebands to be measured.

The Pound-Drever-Hall schematic is shown in 7 and error signal it generates is seen in

Figure 9. The reflected power will carry the phase information which can be extracted as

described in detail by Eric D. Black [19]. A brief investigation of the Pound-Drever-Hall

locking technique will reveal useful insight into how wavefront sensing works since the error

signal is extracted from phase terms.
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Figure 13 : A !
2 mode converter is shown. Transverse slices are shown as a LG01 bullsye mode passes

through. Power, field and phase are shown. Note that power is the amplitude squared of the field. Also note

that the phase only takes two values which are 0# and 180# shown in navy blue and yellow respectively. As

a higher order LG01 mode passes through the telescope you can see that the power in the outer ring gets

transferred to diagonal lobes in the first half. The second half of the propagation shows that the power in

the inside gets divided and moves towards the edges.
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In order to describe the mode converter in more detail it must also be understood that

both Hermite-Gaussian and Laguerre-Gaussian modes form a complete orthogonal basis and

hence can describe any mode as a linear combination of their basis elements. We can then

say that any one Lagurre-Gauss mode can be described with a number of Hermite-Gauss

modes and vise versa. In general,

|LG
l,p

i =
1X

n=0

1X

m=0

|HG
n,m

i hHG
n,m

|LG
l,p

i (4.1)

and

|HG
n,m

i =
1X

l=0

1X

p=0

|LG
l,p

i hLG
l,p

|HG
n,m

i (4.2)

It should also be noted that the mode converter does not provide a means of mode

order transformation. This changing of basis preserves the mode order and hence N =

2p+ |l| = n+m in their respective coordinates. This leads to the very important fact that

the mode mismatching Laguerre-Gauss bullseye mode must be composed of second order

Hermite-Gauss modes.

This is a brief introduction to the working parts of the mode converter, its history, and

its current understanding. I will now introduce the qualitative understanding which in my

opinion gives better intuition.
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4.1.1 How a ⇡

2

Mode Converter Works Qualitatively

A pictorial understanding of the ⇡

2

mode converter can be gained by decomposing higher order

modes into their Hermite-Gauss basis constituents and individually passing them through

a mode converter. Examining higher order Hermite-Gauss constituents will reveal a link

between Laguerre-Gauss and 45� rotated Hermite-Gauss modes.

First we should note that passing a higher order Hermite-Gauss mode through a mode

converter that has cylindrical lenses aligned along the vertical or horizontal axis will undergo

no structural change as seen in Figure 14 and Figure 15. Figures 14 and 15 also show how

there is a sign flip in only one axis, the axis aligned with the focusing element.

Figure 14 : Passing a HG20 through a mode converter. The top left and top right images are representative

of optical power before and after the mode converter. This mode has no focusing along the higher order

mode axis. Notice that the mode passes through una↵ected by the mode converter.
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If we pass a Hermite-Gauss mode through a mode converter along the cylindrical lens

focusing axis then we will see exactly a sign flip as depicted in Figure 15. This sign flip

occurs because of two reasons: The ⇡

2

mode converter causes the focusing axis to accumulate
⇡

2

phase and since this is a second order beam the resulting phase accumulation is multiplied

by 2 resulting in ⇡. Converting this ei⇡ total phase accumulation via the Euler Identity

ei⇡ = �1, we can see that the focusing axis gets a sign flip.

Figure 15 : Passing a HG02 through a mode converter. The top left and right images are representative of

optical power before and after the mode converter. This mode has focusing along its higher order mode axis.

This time there is exactly a sign flip after passing through the mode converter. This sign flip can be noted

in the field image as all the light regions become dark after the mode converter.

Lets hold the results of these images in our memory while we finish describing the beam

decomposition since we will need it to connect it all together in the end.
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where d is the separation between the lenses, and z
Rx

, z
Ry

are the Rayleigh ranges for the

x- and y- Gaussian beam profile. Simplifying this expression by multiplying the numerator

and denominator by the complex conjugate and taking the imaginary part leads to

�z
Rx

d

2

4

+ z2
Rx

=
�z

Ry

d

2

4

+ z2
Ry

. (4.9)

After distributing, factoring like terms, and simplifying we arrive at

d2

4
= z

Rx

· z
Ry

. (4.10)

Arranging all the terms on the left hand side

d

2z
Rx

· d

2z
Ry

= 1. (4.11)

Since ultimately shifting the Gouy phase in one axis will produce the desired mode

conversion I will write this condition in terms of Gouy phase. This can be achieved by

using the well known equation for Gouy phase �� = arctan( z

z

R

) or z

z

R

= tan(��). To

choose the correct value for z, remember that this condition is after the beam propagates

to the second cylindrical lens. Since this is a symmetric case where the distance from the

beam waist to each cylindrical lens is d

2

, where d is the length of the telescope, z = d

2

.

This allows us to write Gouy phase as d

2z

R

= tan(��). One more thing to consider is

that this expression for Gouy phase is for a symmetric beam. Since we are considering

the horizontal and vertical axis separately, the Gouy phase contribution for each axis is

�� = (n + m + 1)(��
x

+ ��
y

)/2 + (n � m)(��
x

� ��
y

)/2 from Beijersbergen [24]. For

��
x

we have ��
x

= �
x

(d) � �
x

(�d) = 2 arctan( d

z

Rx

) and similarly for ��
y

. Substituting

this Gouy phase expression into 4.11 we get

tan
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x

2
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2
= 1 (4.12)

Using ��
x

���
y

= ⇡

2

, this second condition is equivalent to cos ��

x
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2

= 0, or
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4
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4
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Finally, since tan ⇡

8

= 1p
2+1

and tan 3⇡

8

= 1p
2�1

, we get for the cylindrical focal length f of

both lenses and the lens separation d

f =
z
0

1 + 1p
2

, d =
p
2f, (4.14)

where z
0

= z
Ry

= ⇡w

2
0

�

is the Rayleigh range of the incoming beam (no lens in y-direction).
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A.1.2 Comparison to sensing with a bulls-eye detector

We use the term bull’s-eye photo-diode (BPD) for a photodiode with a center segment of

radius r, and additional outer segments arranged in a ring around the central segment.

Typically there are three outer segments to still get alignment information from the detector

(see figure 25, right side).

When sensing mode mismatch with a BPD, matching the center segment radius r to the

Gaussian Beam spot size w via w =
p
2r maximizes the mode-mismatch small signal sensing

gain, because at that radius the LG
01

mode has a node. However, for this choice we find

that any residual length fringe deviation will couple directly into the mode-mismatch error

signal because

hHG
00

|BPD |HG
00

i = 1� 2e�1 ⇡ 0.2642 6= 0, (A.68)

where BPD is equal to 1 on the central segment (x2+ y2 < r), and -1 on the outer segments

(x2 + y2 > r). This coupling can be reduced to zero by choosing r0 = w
p
0.5 ln 2 as central

segment radius, at the cost of some optical gain (see below). Either way though the BPD

has to be matched in size to the Gaussian beam. This often makes adjusting the sensing

Gouy phase of a BPD a bit awkward, since it is not possible to simply slide the detector

across the optical axis. Furthermore, the amount of clipping on the bull’s-eye photo-diode

is set at the time of manufacturing by the size of the outer ring segments.

In contrast, a quadrant photo-diode (QPD) placed after a ⇡

2

mode-converter has none

of these beam size constraints. Instead, the reference beam size is set by the choice of

the mode-converter through equation 4.14, and can be changed by replacing the cylindrical

lenses. The QPD can be moved freely to optimize the sensing Gouy phase and clipping,

while any residual length fringe deviation does not couple to first order, since for a well

centered beam we find

hHG
00

|QPD |HG
00

i = 0. (A.69)

Here we chose QPD = sign(x2 � y2).

A.2 Signal Gain for Sensing Mode-Mismatch

A.2.1 Perturbation expansion

Since we want to sense a mode-mismatched Gaussian beam HGq

0

00

with beam parameter q0,

we can expand this beam in the unperturbed basis (q) as

|HGq

0

00

i = e�i=✏
p

1� |✏|2 |HGq

00

i+ ✏ |LGq

01

i+O(✏2), (A.70)
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where = denotes the imaginary part and ✏ encodes the waist size change �w
0

and waist

displacement �z of the Gaussian beam via

✏ =
q0 � q

q � q⇤
=
�w

0

w
0

� i
�z

2z
R

(A.71)

Equation A.70 includes enough O(✏2) such that the power coupling is accurately given to

2nd order by

| hHGq

00

| |HGq

0

00

i |2 = 1� |✏|2 +O(✏3). (A.72)

A.2.2 Small Signal Gain for PDH Sensing

To calculate the small signal gain for a mode-sensing scheme we need the matrix element

�
B

= hHG
00

|BPD |LG
01

i = �2e�1e2i� ⇡ �0.7358 e2i�, (A.73)

where � is the Gouy phase at the BPD. Here the central element radius of the BPD is

r = w/
p
2. For a BPD with central segment radius r0 = w

p
0.5 ln 2 the numerical pre-factor

drops to �ln(2) ⇡ �0.6931. See section A.1.2 for a discussion.

The equivalent matrix element for a QPD, after converting the LG
01

mode into aHG45

�
rot

11

mode, is

�
Q

= hHG
00

|QPD |HG45

�
rot

11

i = 2

⇡
e2i� ⇡ 0.6366 e2i�. (A.74)

If we use this approach to sense the matching of a cavity (beam parameter q0) to its

input beam using the Pound-Drever-Hall (PDH) approach, we will use an up-front RF phase

modulation (modulation index �) with a sideband frequency that is not resonant in the

cavity. The Gaussian beam reflected from this cavity has the structure

| 
in

i = |HGq

0

00

i
C

+
i�

2
|HGq

00

i
+

+
i�

2
|HGq

00

i� +O(�2), (A.75)

where the indices C, + and � indicate carrier, upper and lower sideband. We can sense this

beam with either a BPD or a QPD behind a mode-converter, and demodulate the signal’s I

quadrature. We find in first order of � and ✏

I = P�=(�✏), (A.76)

where P is the power on the photo diode, � is the modulation index, = denotes the imaginary

part, � is the matrix from equation A.73 or A.74, and ✏ is defined through equations A.70,

A.71, A.72.
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A.3 Transverse Mode Spacing to Thermal Lens Focal Length

This script was used to calculate the thermal lens focal length from a transverse mode spacing

measurement of an optical cavity.

1 % Using t r an sv e r s e mode spac ing to measure f o c a l power

2 %RoC ITM = 0 . 3 3 ; % meters

3 RoC ETM = 0 . 5 0 ; % meters

4 L cav = 0 . 7 9 1 ; % Cavity l ength [ meters ]

5 % Measured cav i ty l ength 0 .791 +�0.001 (measured 8/25/2016)

6 RT cav = L cav ⇤2 ; % Round t r i p [ meters ]

7 cav l eng th s =0.010;

8 L1 = cav l eng th s ; % Distance from IC to l en s [ meters ]

9 L2 = L cav � L1 ; % d i s t anc e from OC to l en s [ meters ]

10 c = 299792458; % Speed o f l i g h t [ meters / second ]

11 FSR cav = c/RT cav ; % [Hz ]

12 %% Solv ing the e igen value problem f o r the f o c a l l ength

13 f L = �19; % f o c a l l ength in meters .

14 % Modify f L value un t i l fTM s h i f t matches measurement

15 METM = [1 ,0;�2/RoC ETM, 1 ] ;

16 s ETM to lens = [ 1 , L1 ; 0 , 1 ] ;

17 M lens = [1 ,0 , ;�1/ f L , 1 ] ;

18 s ITM to lens = [ 1 , L2 ; 0 , 1 ] ;

19 M ITM = [1 ,0;�2/RoC ITM , 1 ] ;

20 M cav Round trip = M ITM⇤ s ITM to lens ⇤M lens⇤ s ETM to lens ⇤ . . .
21 METM⇤ s ETM to lens⇤M lens⇤ s ITM to lens ;

22 m eig = e i g ( M cav Round trip ) ;

23 m angle1 = ang le ( m eig (1 ) ) ;

24 FTM. spac ing = FSR cav⇤m angle1 /(2⇤ pi )
25 FTM. f o c a l l e n g t h = f L

A.4 MATLAB Cavity Function calculate2MirrorCavity

This function was created by Stefan Ballmer and was used to estimate the optical power

expected on each wavefront sensor.
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1 f unc t i on [ cav ] = ca l cu l a t e2Mi r ro rCav i ty ( cav ,T1 ,RoC1 ,T2 ,RoC2 ,L ,

de l ta , Pin , lambda0 , c )

2 %%%%%%%%%

3 % Cal cu l a t e s va r i ous cav i ty c h a r a c t e r i s t i c s .

4 % Syntax :

5 % cav = ca l cu l a t e2Mi r ro rCav i ty ( cav ,T1 ,RoC1 ,T2 ,RoC2 ,L , de l ta , Pin ,

lambda0 , c ) ;

6 % or

7 % cav = ca l cu l a t e2Mi r ro rCav i ty ( cav ) ;

8 %%%%%%%%%

9 % Required arguments :

10 % cav : s t r u c t to be f i l l e d out . Intead o f add i t i o na l

parameters

11 % cav can conta in f i e l d s with the same name .

12 %%%%%%%%%

13 % Required arguments or f i e l d s o f input argument cav :

14 % T1 , RoC1 : power t ransmi s s i on f r a c t i o n and Radius o f

Curvature

15 % of input mirror

16 % T2 , RoC2 : power t ransmi s s i on f r a c t i o n and Radius o f

Curvature

17 % of 2nd mirror

18 % L : ( one�way) cav i ty l ength

19 % de l t a : cav i ty detuning

20 % Pin : input power

21 % lambda0 : Wave l ength o f the l i g h t

22 % c : speed o f l i g h t

23 %%%%%%%%%

24 % Al t e rna t i v e f i e l d s o f input argument cav :

25 % detuneFreq : = de l t a /2/ pi , i n s t ead o f d e l t a

26 % detuneRatio : = de l t a /gamma, in s t ead o f d e l t a or detuneFreq

27 % L RT : = 2⇤L , in s t ead o f L

28 %

29 %%%%%%%%%
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30 % Note : Input arguments always have p r i o r i t y over f i e l d s o f cav

31 %%%%%%%%%

32 % Defau l t va lue s f o r some input arguments when omitted :

33 % Pin = 1 Watt

34 % lambda0 = 1.064 e�6 m

35 % c = 299792458 m/ s

36 % de l t a or

37 % detuneFreq or

38 % detuneRatio : no detuning i s c a l c u l a t ed

39 %%%%%%%%%

40 % Ste fan Ballmer , sbal lmer@syr . edu , 2012/02/18

41 %%%%%%%%%

42

43 %%%%%%%%%

44 % Get parameters form cav i f nece s sa ry ( de l t a has s p e c i a l

treatment )

45 i f ˜ e x i s t ( ’T1 ’ , ’ var ’ ) , i f i s f i e l d ( cav , ’T1 ’ ) , T1 =cav .T1 ;

end ; end ;

46 i f ˜ e x i s t ( ’RoC1 ’ , ’ var ’ ) , i f i s f i e l d ( cav , ’RoC1 ’ ) , RoC1=cav .RoC1 ;

end ; end ;

47 i f ˜ e x i s t ( ’T2 ’ , ’ var ’ ) , i f i s f i e l d ( cav , ’T2 ’ ) , T2 =cav .T2 ;

end ; end ;

48 i f ˜ e x i s t ( ’RoC2 ’ , ’ var ’ ) , i f i s f i e l d ( cav , ’RoC2 ’ ) , RoC2=cav .RoC2 ;

end ; end ;

49 i f ˜ e x i s t ( ’L ’ , ’ var ’ ) , i f i s f i e l d ( cav , ’L ’ ) , L =cav .L ;

end ; end ;

50 i f ˜ e x i s t ( ’ Pin ’ , ’ var ’ ) , i f i s f i e l d ( cav , ’ Pin ’ ) , Pin =cav . Pin ;

end ; end ;

51 i f ˜ e x i s t ( ’ lambda0 ’ , ’ var ’ ) , i f i s f i e l d ( cav , ’ lambda0 ’ ) , lambda0=cav .

lambda0 ; end ; end ;

52 i f ˜ e x i s t ( ’ c ’ , ’ var ’ ) , i f i s f i e l d ( cav , ’ c ’ ) , c =cav . c ;

end ; end ;

53
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54 % er r o r checks and a l t e r n a t e inputs , s e t d e f au l t va lue s i f not

de f in ed

55 i f ˜ e x i s t ( ’T1 ’ , ’ var ’ ) , e r r o r ( ’T1 must be s p e c i f i e d ’ ) ; end ;

56 i f ˜ e x i s t ( ’RoC1 ’ , ’ var ’ ) , e r r o r ( ’RoC1 must be s p e c i f i e d ’ ) ; end ;

57 i f ˜ e x i s t ( ’T2 ’ , ’ var ’ ) , e r r o r ( ’T2 must be s p e c i f i e d ’ ) ; end ;

58 i f ˜ e x i s t ( ’RoC2 ’ , ’ var ’ ) , e r r o r ( ’RoC2 must be s p e c i f i e d ’ ) ; end ;

59 i f e x i s t ( ’L ’ , ’ var ’ ) ,

60 cav .L=L ;

61 cav . L RT=L⇤2 ;
62 e l s e i f i s f i e l d ( cav , ’L RT ’ ) ,

63 L=cav .L RT/2 ;

64 cav .L=L ;

65 e l s e e r r o r ( ’ Cavity l ength needs to be s p e c i f i e d ’ ) ;

66 end ;

67 i f ˜ e x i s t ( ’ Pin ’ , ’ var ’ ) , Pin =1; end ;% [Watt ] ,

input power

68 i f ˜ e x i s t ( ’ lambda0 ’ , ’ var ’ ) , lambda0 =1.064e�6; end ;% [m] , Wave

l ength

69 i f ˜ e x i s t ( ’ c ’ , ’ var ’ ) , c =299792458; end ;% [m/ s ] ,

Light speeds

70

71

72 %%%%%%%%%

73 % as s i gn shorthands

74 l =L ;

75 R1=RoC1 ;

76 R2=RoC2 ;

77 r e f l 1 =sq r t (1�T1) ;

78 t rans1=sq r t (T1) ;

79 r e f l 2 =sq r t (1�T2) ;

80 t rans2=sq r t (T2) ;

81

82 %%%%%%%%%

83 % Calcu la t e the g�f a c t o r s
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84 g1 = 1� l /R1 ;

85 g2 = 1� l /R2 ;

86 g = g1⇤g2 ;
87 %%%%%%%%%

88 % Calcu la t e beam spot s i z e

89 z1 = ( l�l ˆ2/R2) /(1+R1/R2�2⇤ l /R2) ;
90 z2 = ( l�l ˆ2/R1) /(1+R2/R1�2⇤ l /R1) ;
91 i f not ( i s i n f (R1) )

92 zR = sq r t ( (R1 � z1 ) ⇤ z1 ) ;

93 e l s e i f not ( i s i n f (R2) )

94 zR = sq r t ( (R2 � z2 ) ⇤ z2 ) ;

95 e l s e

96 p . cav i ty . zR = i n f ;

97 end

98 w0 = sq r t ( lambda0/ p i ⇤ zR) ;

99 w1 = w0 ⇤ s q r t (1+( z1/zR) ˆ2) ;

100 w2 = w0 ⇤ s q r t (1+( z2/zR) ˆ2) ;

101 %%%%%%%%%

102 % Calcu la t e the FSR

103 FSR = c /(2⇤ l ) ;

104 %%%%%%%%%

105 % Calcu la t e the t r an sv e r s e mode spac ing

106 fracTM = acos ( s i gn ( g1 )⇤ s q r t ( g1⇤g2 ) ) / p i ;

107 fTM = FSR⇤fracTM ;

108 %%%%%%%%%

109 % Calcu la t e the Power Build�up on resonance

110 powerBuildup = ( trans1 /(1� r e f l 1 ⇤ r e f l 2 ) ) ˆ2 ;

111 %%%%%%%%%

112 % Calcu la t e the F ine s s e and cav i ty po l e

113 % old formula , only va l i d f o r r e f l 2 =1: f i n e s s e = powerBuildup ⇤
pi /2 ;

114 f i n e s s e = pi /2/ a s in ((1� r e f l 1 ⇤ r e f l 2 ) /(2⇤ s q r t ( r e f l 1 ⇤ r e f l 2 ) ) ) ;

115 po le = FSR/(2⇤ pi )⇤(1� r e f l 1 ⇤ r e f l 2 ) /( r e f l 1 ⇤ r e f l 2 ) ;

116 gamma = 2⇤ pi ⇤ po le ;
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117 %%%%%%%%%

118 % Calcu la t e the HWHM and FWHM of power ( i . e . c a l c u l a t e a f requency

)

119 HWHMpower = FSR/(2⇤ pi )⇤ acos (1�(1� r e f l 1 ⇤ r e f l 2 ) ˆ2/(2⇤ r e f l 1 ⇤ r e f l 2 ) ) ;

120 FWHMpower = HWHMpower⇤2 ;
121 %%%%%%%%%

122 % Calcu la t e the Transmitted and Re f l e c t ed Power

123 TRANS = powerBuildup ⇤ t rans2 ˆ2 ;

124 REFL = ( trans1 ˆ2⇤ r e f l 2 /(1� r e f l 1 ⇤ r e f l 2 ) � r e f l 1 ) ˆ2 ;

125 %%%%%%%%%

126 % Calcu la t e the Intra�cav i ty , r e f l e c t e d & transmit ted power ( on

resonance )

127 power = powerBuildup ⇤ Pin ;

128 powerTRANS = TRANS ⇤ Pin ;

129 powerREFL = REFL ⇤ Pin ;

130 %%%%%%%%%

131 % Calcu la t e the DC Radiat ion p r e s su r e on resonance

132 radPressure = 2/c ⇤ power ;

133

134 %%%%%%%%%

135 % Now do the detuned c a l c u l a t i o n s

136 %%%%%%%%%

137 % Fi r s t get a l l the detuning parameters

138 i f e x i s t ( ’ d e l t a ’ , ’ var ’ )

139 detuneRatio = de l t a /gamma ;

140 detuneFreq = de l t a /(2⇤ pi ) ;
141 doDet = true ;

142 e l s e i f i s f i e l d ( cav , ’ d e l t a ’ )

143 de l t a = cav . d e l t a ;

144 detuneRatio = de l t a /gamma ;

145 detuneFreq = de l t a /(2⇤ pi ) ;
146 doDet = true ;

147 e l s e i f i s f i e l d ( cav , ’ detuneFreq ’ )

148 detuneFreq = cav . detuneFreq ;
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149 de l t a = detuneFreq ⇤(2⇤ pi ) ;
150 detuneRatio = de l t a /gamma ;

151 doDet = true ;

152 e l s e i f i s f i e l d ( cav , ’ detuneRatio ’ )

153 detuneRatio = cav . detuneRatio ;

154 de l t a = gamma⇤detuneRatio ;

155 detuneFreq = de l t a /(2⇤ pi ) ;
156 doDet = true ;

157 e l s e

158 di sp ( ’No detuning s p e c i f i e d ’ ) ;

159 doDet = f a l s e ;

160 end

161 %%%%%%%%%

162 % Now, f i r s t i f necessary , complete the detuning cav input

parameters

163 i f doDet

164 cav . d e l t a = de l t a ; % Cavity detuning

165 cav . detuneFreq = detuneFreq ; % Cavity detuning f requency

de l t a /2/ p i

166 cav . detuneRatio = detuneRatio ; % Cavity detuning r a t i o

de l t a /gamma

167 end

168

169 i f doDet

170 %%%%%%%%%

171 % Calcu la t e the round t r i p phase

172 phase RT = de l t a /FSR;

173 %%%%%%%%%

174 % Calcu la t e the detuned f i e l d and power Build�up
175 f i e l dBu i l dup d = trans1 /(1� r e f l 1 ⇤ r e f l 2 ⇤exp(�1 i ⇤phase RT ) ) ;

176 powerBuildup d = abs ( f i e l dBu i l dup d ) ˆ2 ;

177 %%%%%%%%%

178 % Calcu la t e the t ransmit ted and r e f l e c t e d f i e l d and power

179 t r ans d = f i e l dBu i l dup d ⇤ exp(�1 i ⇤phase RT/2) ⇤ t rans2 ;
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180 TRANS d = abs ( t rans d ) . ˆ 2 ;

181 r e f l d = f i e l dBu i l dup d ⇤exp(�1 i ⇤phase RT )⇤ r e f l 2 ⇤ t rans1 �
r e f l 1 ;

182 REFL d = abs ( r e f l d ) ˆ2 ;

183 %%%%%%%%%

184 % Calcu la t e the Intra�cav i ty , r e f l e c t e d & transmit ted power (

detuned )

185 power d = powerBuildup d ⇤ Pin ;

186 powerTRANS d = TRANS d ⇤ Pin ;

187 powerREFL d = REFL d ⇤ Pin ;

188 %%%%%%%%%

189 % Calcu la t e the DC Radiat ion p r e s su r e ( detuned )

190 radPres sure d = 2/c ⇤ power d ;

191

192 end

193

194 %%%%%%%%%

195 % F i l l in the data

196 %cav .T1 = T1 ; % Mirror 1

197 %cav .RoC1 = R1 ; % Mirror 1

198 %cav .T2 = T2 ; % Mirror 2

199 %cav .RoC2 = R2 ; % Mirror 2

200 cav . g = g ; % Cavity g�f a c t o r

201 cav . g1 = g1 ; % Mirror 1 g�f a c t o r

202 cav . g2 = g2 ; % Mirror 2 g�f a c t o r

203 cav . z1 = z1 ; % Distance o f mirror 1 to wais t

204 cav . z2 = z2 ; % Distance o f mirror 2 to wais t

205 cav .w0 = w0 ; % Beam waist at f o cu s

206 cav .w1 = w1 ; % Beam waist at Mirror 1

207 cav .w2 = w2 ; % Beam waist at Mirror 2

208 cav .FSR = FSR; % Free Spec t r a l Range

209 cav . fTM = fTM; % Transverse Mode Spacing

210 cav . fracTM = fracTM ; % Frac t i ona l Transverse Mode

Spacing
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211 cav . f i n e s s e = f i n e s s e ; % Cavity F ines s e

212 cav . gamma = gamma; % Cavity l i n e width

213 cav . po l e = po le ; % Cavity po l e

214 cav .HWHMpower = HWHMpower; % HWHM frequency (HM of power )

215 cav .FWHMpower = FWHMpower; % FWHM frequency (FM of power )

216 onR . name = ’ Cavity data on resonance ’ ;

217 onR . powerBuildup = powerBuildup ; % Power bui ld�up on resonance

218 onR .TRANS = TRANS; % Power t ransmi s s i on c o e f f i c i e n t

( on r e s . )

219 onR .REFL = REFL; % Power r e f l e c t i o n c o e f f i c i e n t (

on r e s . )

220 onR . power = power ; % Intra�cav i ty power ( on r e s . ) [

Watt ]

221 onR .powerTRANS = powerTRANS ; % Transmitted power ( on r e s . ) [

Watt ]

222 onR . powerREFL = powerREFL ; % Re f l e c t ed power ( on r e s . ) [Watt

]

223 onR . radPressure = radPressure ; % Radiat ion p r e s su r e in Newton (

on r e s . )

224 cav . onRes = onR ; % a l l on resonance va lue s

225 i f doDet %%%%%%% Now a l l the detuned

parameters :

226 dtu . name = ’ Cavity data with f i x ed detuning ’ ;

227 dtu . d e l t a = de l t a ; % Cavity detuning

228 dtu . detuneFreq = detuneFreq ; % detuning f requency de l t a

/2/ p i

229 dtu . detuneRatio = detuneRatio ; % Cavity detuning r a t i o

de l t a /gamma

230 dtu . phase RT = phase RT ; % Round t r i p phase due to

detuning

231 dtu . f i e l dBu i l dup = f i e l dBu i l dup d ; % Intra�cav i ty f i e l d co e f

232 dtu . t rans = trans d ; % Transmitted f i e l d co e f

233 dtu . r e f l = r e f l d ; % Re f l e c t ed f i e l d co e f

234 dtu . powerBuildup = powerBuildup d ; % Intra�cav i ty power co e f
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235 dtu .TRANS = TRANS d ; % Transmitted power co e f

236 dtu .REFL = REFL d ; % Re f l e c t ed power co e f

237 dtu . power = power d ; % Intra�cav i ty power [Watt ]

238 dtu . powerTRANS = powerTRANS d ; % Transmitted power [Watt ]

239 dtu . powerREFL = powerREFL d ; % Re f l e c t ed power [Watt ]

240 dtu . radPressure = radPres sure d ; % Radiat ion p r e s su r e in

Newton

241 cav . detun = dtu ; % a l l detuned va lue s

242 end

243

244 %%%%%%%%%

245 % F i l l in the data d e s c r i p t i o n

246 i f i s f i e l d ( cav , ’u ’ ) , u = cav . un i t ; end ;

247 i f i s f i e l d ( cav , ’d ’ ) , d = cav . desc ; end ;

248 u .L = ’m’ ; d . L = ’ Cavity l ength ’ ;

249 u .L RT = ’m’ ; d . L RT = ’Round t r i p cav i ty l ength ’ ;

250 u . g = ’ 1 ’ ; d . g = ’ Cavity g�f a c t o r ’ ;

251 u . g1 = ’ 1 ’ ; d . g1 = ’ Mirror 1 g�f a c t o r ’ ;

252 u . g2 = ’ 1 ’ ; d . g2 = ’ Mirror 2 g�f a c t o r ’ ;

253 u . z1 = ’m’ ; d . z1 = ’ Distance o f mirror 1 to wais t ’ ;

254 u . z2 = ’m’ ; d . z2 = ’ Distance o f mirror 2 to wais t ’ ;

255 u .w0 = ’m’ ; d .w0 = ’Beam waist at f o cu s ’ ;

256 u .w1 = ’m’ ; d .w1 = ’Beam waist at Mirror 1 ’ ;

257 u .w2 = ’m’ ; d .w2 = ’Beam waist at Mirror 2 ’ ;

258 u .FSR = ’Hz ’ ; d .FSR = ’ Free Spec t r a l Range ’ ;

259 u . fTM = ’Hz ’ ; d . fTM = ’ Transverse Mode Spacing ’ ;

260 u . fracTM = ’ 1 ’ ; d . fracTM= ’ Frac t i ona l Transverse Mode

Spacing ’ ;

261 u . f i n e s s e = ’ 1 ’ ; d . f i n e s s e=’ Cavity F ine s s e ’ ;

262 u .gamma = ’ 2⇤ pi ⇤Hz ’ ; d . gamma = ’ Cavity l i n e width ’ ;

263 u . po l e = ’Hz ’ ; d . po l e = ’ Cavity po l e ’ ;

264 u .HWHMpower = ’Hz ’ ; d .HWHMpower=’HWHM frequency (HM of power ) ’

;
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265 u .FWHMpower = ’Hz ’ ; d .FWHMpower=’FWHM frequency (FM of power ) ’

;

266 cav . un i t = u ; cav . desc= d ;

267 cav . nopr int = { ’L RT ’ , ’ d e l t a ’ , ’ detuneFreq ’ , ’ detuneRatio ’ } ;
268 cav . nodescent = { ’ onRes ’ } ;
269

270 c l e a r ( ’u ’ , ’ d ’ ) ;

271 u . powerBuildup = ’ 1 ’ ; d . powerBuildup = ’Power bui ld�up on

resonance ’ ;

272 u .TRANS = ’ 1 ’ ; d .TRANS = ’Power t ransmi s s i on

c o e f f i c i e n t ( on r e s . ) ’ ;

273 u .REFL = ’ 1 ’ ; d .REFL = ’Power r e f l e c t i o n

c o e f f i c i e n t ( on r e s . ) ’ ;

274 u . power = ’Watt ’ ; d . power = ’ Intra�cav i ty power ( on

r e s . ) ’ ;

275 u . powerTRANS = ’Watt ’ ; d . powerTRANS = ’ Transmitted power ( on

r e s . ) ’ ;

276 u . powerREFL = ’Watt ’ ; d . powerREFL = ’ Re f l e c t ed power ( on

r e s . ) ’ ;

277 u . radPressure = ’Newton ’ ; d . radPressure = ’ Radiat ion p r e s su r e ( on

r e s . ) ’ ;

278 cav . onRes . un i t = u ; cav . onRes . desc = d ;

279

280 i f doDet %%%%%%% Now a l l the detuned

parameters :

281 c l e a r ( ’u ’ , ’ d ’ ) ;

282 u . d e l t a =’ 2⇤ pi ⇤Hz ’ ; d . d e l t a =’ Angular detuning f requency ’

;

283 u . detuneFreq =’Hz ’ ; d . detuneFreq =’ Detuning f requency ’ ;

284 u . detuneRatio =’ 1 ’ ; d . detuneRatio =’ Cavity Detuning Ratio

de l t a /gamma ’ ;

285 u . phase RT =’ rad ’ ; d . phase RT =’Round t r i p phase due

to detuning ’ ;



137

286 u . f i e l dBu i l dup=’ 1 ’ ; d . f i e l dBu i l dup=’ Intra�cav i ty f i e l d

co e f ’ ;

287 u . t rans =’ 1 ’ ; d . t rans =’ Transmitted f i e l d

co e f ’ ;

288 u . r e f l = ’ 1 ’ ; d . r e f l = ’ Re f l e c t ed f i e l d co e f ’

;

289 u . powerBuildup=’ 1 ’ ; d . powerBuildup=’ Intra�cav i ty power

co e f ’ ;

290 u .TRANS =’ 1 ’ ; d .TRANS =’ Transmitted power

co e f ’ ;

291 u .REFL =’ 1 ’ ; d .REFL =’ Re f l e c t ed power co e f ’

;

292 u . power =’Watt ’ ; d . power =’ Intra�cav i ty power ’ ;

293 u . powerTRANS =’Watt ’ ; d . powerTRANS =’ Transmitted power ’ ;

294 u . powerREFL =’Watt ’ ; d . powerREFL =’ Re f l e c t ed power ’ ;

295 u . radPressure =’Newton ’ ; d . radPressure =’ Radiat ion p r e s su r e ’ ;

296 cav . detun . un i t=u ; cav . detun . desc= d ;

297 cav . detun . nopr int = { ’ f i e l dBu i l dup ’ , ’ t rans ’ , ’ r e f l ’ , ’

powerBuildup ’ , ’TRANS’ , ’REFL ’ } ;
298 end

299

300

301 end
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