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INTERFEROMETER VISIBILITY
<latexit sha1_base64="VqpGKb8jYEfU8B+qj8hSs/NHpRE=">AAACPnicjVDPS8MwGE3nrzl/TT16CQ5BEEcrMr0IQy8eJ9husI6RZukWlqQlScVR+pd58W/w5tGLB0W8ejTrdphDwQeBx3vv4/vygphRpW372SosLC4trxRXS2vrG5tb5e0dT0WJxMTFEYtkK0CKMCqIq6lmpBVLgnjASDMYXo395h2RikbiVo9i0uGoL2hIMdJG6pZdnyM9wIilXgYvoB9KhFOvm6uSpxzdZ/AYzghUZNl84Gg+0C1XnKqdA/5NKmCKRrf85PcinHAiNGZIqbZjx7qTIqkpZiQr+YkiMcJD1CdtQwXiRHXS/PsZPDBKD4aRNE9omKuzEyniSo14YJLjI9W8NxZ/89qJDs87KRVxoonAk0VhwqCO4LhL2KOSYM1GhiAsqbkV4gEyDWrTeOl/JXgnVadWrd2cVuqX0zqKYA/sg0PggDNQB9egAVyAwQN4AW/g3Xq0Xq0P63MSLVjTmV3wA9bXN3oNsSg=</latexit>

V =
Vmax → Vmin

Vmax + Vmin



INTERFEROMETER VISIBILITY

•IF THERE IS A PURELY ELECTRONIC OFFSET, MEASURE IT 
WHEN THERE IS  NO LIGHT AND THEN

I.E.
<latexit sha1_base64="IC26LFUeDiLYptmHWesyZopHY9U="></latexit>

V =
Vmax → Vmin

Vmax + Vmin → 2Vo!

<latexit sha1_base64="MnBr+CSzRGto9tj7JrHyLs8n2qw="></latexit>

V =
(Vmax → Vo!)→ (Vmin → Vo!)

(Vmax → Vo!) + (Vmin → Vo!)

• NOTE THAT THIS QUANTITY ONLY REALLY MAKES SENSE WITH 
NO POWER BALANCING (THEREFORE, NOT FOR HOMODYNE, SEE 
FOLLOWING SLIDES) 



CLASSICAL INTENSITY NOISE









(or mirror!)



















BETTER WAY TO CALIBRATE
•RAMP TO PIEZO, VOLTAGE GIVEN BY 

• SO, AT THE GRAY FRINGE

<latexit sha1_base64="u5GQqBdgIWZvHqgqBzHPDh0sRBw=">AAACH3icjVDLSgMxFM3UV62vUZdugkVoQUpbpLoRim5cVrAP6JQhk8m0oUlmSDLSMsyfuPFX3LhQRNz1b8y0XagoeOBeDufcS26OFzGqdLU6s3Irq2vrG/nNwtb2zu6evX/QUWEsMWnjkIWy5yFFGBWkralmpBdJgrjHSNcbX2d+955IRUNxp6cRGXA0FDSgGGkjuXajU5qU4SV0Aolw0nEdjvRI8iSK0jSpp46iolSHzikcZ83xCdMITsquXaxVqnPAv0kRLNFy7Q/HD3HMidCYIaX6tWqkBwmSmmJG0oITKxIhPEZD0jdUIE7UIJn/L4UnRvFhEEpTQsO5+nUjQVypKffMZHa++ull4m9eP9bBxSChIoo1EXjxUBAzqEOYhQV9KgnWbGoIwpKaWyEeIZOUNpEW/hdCp16pNSqN27Ni82oZRx4cgWNQAjVwDprgBrRAG2DwAJ7AC3i1Hq1n6816X4zmrOXOIfgGa/YJC82hHw==</latexit>

V (x) =
Vpp

2
sin(2 k ωx)

<latexit sha1_base64="RsgVgxFV97WPSppGpiiSOUt3Pkk="></latexit>

V (x) → Vpp k ωx



• circular polarization:

Note I: QWP, HWP, PBS

<latexit sha1_base64="6/9UxO5/s2SEqChPifrMxMw7aAQ="></latexit>

x̂E0 cos(kz � !t)

ŷE0 sin(kz � !t)

<latexit sha1_base64="hQjdRGHcEjw0fs99X1Qr3tAUczI="></latexit>

E = E0[x̂ cos(kz � !t) + ŷ sin(kz � !t)]



•waveplates: index of refraction depends on polarization, so 
they induce a relative phase between different polarization 
components 

• QWP: transforms linear polarization to circular (elliptical) 
and vice versa 

Note I: QWP, HWP, PBS

<latexit sha1_base64="T3mxCpbuaVtQmFm4bz6BI2Sik+A="></latexit>

�� = (k1 � k2)d =
2⇡

�0
(n1 � n2)d

<latexit sha1_base64="GlOHFj67CvpMcjUORy1G2nX5Xn0="></latexit>

�� =
⇡

2
) d =

�0

4(n1 � n2)



• polarizer output (not normalized): 

• QWP output: 

• output after another QWP: 

• conclusion: a HWP (analogous to two QWP) rotates the 
polarization of linearly polarized light by twice the angle 
between that of the polarization and the plate axis

Note I: QWP, HWP, PBS

<latexit sha1_base64="rZv787Q0TW/67AcsNwHtZTl6MHA="></latexit>

E = E0[x̂ cos(kz � !t) + ŷ cos(kz � !t)]

<latexit sha1_base64="O1bEiT68I1KcweTYjxjBhFR5rCo="></latexit>

E = E0[x̂ cos(kz � !t)� ŷ sin(kz � !t)]

<latexit sha1_base64="o8G/Nt4WNpgBWl1vnjQpbyOK+cQ="></latexit>

E = E0[x̂ cos(kz � !t)� ŷ cos(kz � !t)]

<latexit sha1_base64="qBeKa209AUumYa4DqVXQVE/cUNY="></latexit>

�� = ⇡ ) d =
�0

2(n1 � n2)



• polarizer output (not normalized): 

• QWP output: 

• output after another QWP: 

• conclusion: a HWP (analogous to two QWP) rotates the 
polarization of linearly polarized light by twice the angle 
between that of the polarization and the plate axis

Note I: QWP, HWP, PBS

<latexit sha1_base64="rZv787Q0TW/67AcsNwHtZTl6MHA="></latexit>

E = E0[x̂ cos(kz � !t) + ŷ cos(kz � !t)]

<latexit sha1_base64="O1bEiT68I1KcweTYjxjBhFR5rCo="></latexit>

E = E0[x̂ cos(kz � !t)� ŷ sin(kz � !t)]

<latexit sha1_base64="o8G/Nt4WNpgBWl1vnjQpbyOK+cQ="></latexit>

E = E0[x̂ cos(kz � !t)� ŷ cos(kz � !t)]

<latexit sha1_base64="qBeKa209AUumYa4DqVXQVE/cUNY="></latexit>

�� = ⇡ ) d =
�0

2(n1 � n2)



• PBS: polarizing beamsplitter

Note I: QWP, HWP, PBS

p - parallel

s - senkrecht



Note II: dBm
•typically, a spectrum analyzer will show data in dBm: 

• the power depends on how you bin the frequency, so the 
unambiguous unit is dBm/Hz: 

• ok, but what is the measured power? 

• what about the conversion to meters?

<latexit sha1_base64="8xZF+dK2g2y+COavOVHfUSySnrE="></latexit>

P [dBm] = 10 log10
P [W]

1mW

<latexit sha1_base64="YfrIiQvsdPT25gGJYeKIBW5sZMo="></latexit>

P [dBm/Hz] = 10 log10
P [W]

1mW
→ 10 log10 RBW

<latexit sha1_base64="EyMPLPdZQNdx99hM4hCBuGY1gL8="></latexit>

P [W] =
U2

R



By the way…
•THERE IS A SIMILAR TECHNIQUE, HETERODYNE DETECTION 

• LO AND SIGNAL OF DIFFERENT FREQUENCIES 

• PRO: LOW TECHNICAL NOISE, NO BALANCING NEEDED 

• CON: NOISE PENALTY (QUADRATURE ROTATES IN TIME 
BECAUSE OF FREQUENCY DIFFERENCE)



By the byway…
•SAY YOU WANT TO DETECT PARTICLES LIKE CHAMELEONS, 

WHY DO ANY OF THESE TECHNIQUES WORK (AT LEAST IN 
PRINCIPLE)?
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By the byway…
•SAY YOU WANT TO DETECT PARTICLES LIKE CHAMELEONS, 

WHY DO ANY OF THESE TECHNIQUES WORK (AT LEAST IN 
PRINCIPLE)?

• RADIATION PRESSURE

• OPTOMECHANICS



• HOW CAN YOU IMPROVE SENSITIVITY?
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• HOW CAN YOU IMPROVE SENSITIVITY?

By the byway…


