Lec 14: Lock-in amplification




Allows recovery of signals buried in
the noise background

Makes use of both amplitude and phase:
Phase-sensitive detection

Invention generally credited
to Robert Dicke while at MIT

Prof. Robert H. Dicke
Princeton Univ.
(1916—1997)

SR First commerecial lock-in amplifier:
.5+ Princeton Applied Research (1962)

' Modern digital signal processing has greatly
o £ improved performance




LO ey
OSE ANALOGY: Finding someone in a crowded stadium
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THE CONCEPT
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VsigVREFCOS()
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+ Noise + VRrepsin(wt + @) x Noise
sysTEM ——( )" “Urer. =

VRersin(wt + @)

VsigVREFCOS(9)

DC signal proportional

to SYSTEM output



EXAMPLE: LASER SPECTROSCOPY
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LabView Lock-in Simulation: Assignment 14

Input + Moise Reference Signal
Amplltud&l"ﬁl _fo:E_t_l"ﬂ:I__ Frequency (Hz) 1 mg
= (=
=1 i 571632 |! | {100
| | U.S_
i . T b 1 l]J |1J
5.00- 5.00- Moise amplitude (V) i i
— y = £ p-
2.50- =111 E— g—
2.50- 0.00-
1] sampling info -0.5-
1 t2.50-
Fs
0.00- 5.00- -;JS.EIUIE 1
- 0
) s
B siop 413000
: JI Lock-in Signal
10-
Cutoff Response 5
frequency (Hz)  time (s) 6-
7 . - il
0.555556 18 3 4- 1
= o | .
RMS out EX .I‘ I . '
[ —1 LA ul - IJ ]
0.497451 0 Hl.nl |||||Il|'llr" ll]F ru”' ! 'M ‘ r
| 2- H
I -4 i I I i
330 430 0 0.0 0.02 0.03 0.04
Tirme

Time




Alternative solution to race conditions in LabView:
FUNCTIONAL GLOBAL VARIABLES

Non-reentrant Sub-VI with:

* Control (input) and/or Indicator (output)

* Enum control of case structure (eg. read/write)
* Uninitialized shift-register

* Loop that runs only once



Example of race condition in parallel loops

Read/write may not happen in desired sequence

Can write to 'value' variable simultaneously
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Functional Global Variable eliminates this race condition
Sub-VI protects variable from being written simultaneously

Replace the read/write local variables with single FGV

10000o0o0oo0oocC

100 0000000o

et
&
alslslsl (sEslslsl =um
-

i

oooooooon

O
loop sum




Customized Sub-VI serves as Functional Global Variable
Enum selects 1 of 4 possible states to determine operation: 0, +1, +2, or Read

Uninitialized shift register holds the current value for each FGV call

FGV can't be accessed by simultaneous calls




