MICHEL SN:
A Program for Data Acquisition and Control of the
Michelsen Interferometer

MICHEL SN is aprogram written in signal isamplified before it is transferred to
Pascal that controls the motion of the an Anaog to Digital Converter (ADC) in
Michelsen Interferometer and collects the the computer that converts that analog
associated data. The variation of optical voltage signd to an integer (See separate
path length in the Michelsen interferometer handout for afew details about ADC's).
is driven by a stepping motor. Stepping
motors work by sequentially energzing and To start the program first change
de-energizing four coilsin the motor (see directoriesto MICHELSN by
separate handout for details on stepping
motors). The computer uses four digital ( cd /michelsn
ON/OFF) lines to energize the four coilsvia
four power transistors. and then run the program with

Information about the light intensity
(if alight or dark interference band is michelsn
present) is collected by a photodiode ( Note:
the photodiode and associated assembly has Then the main menu shown below in figure
an acceptance angle of only afew degrees 1 will appear.

and thus the angle with respect to the
incoming light must be set carefuly.). This

Telcome to the Michelson Interferometer control program

<E> RUN £5» Save to File
<0 QIIT £F» Eet from File
£A»  Analyze <M> Make Data
<1> Motor Only <2» Motor & ADC
<-» Instant Single Step Decrease <+> Instant Single Step Increase
Motor Phase: 0 Motor Leads onf0ff 0001 0000
<0> Contimuous Decrease <P> Continuous Increase
K> Decrease by # of 3teps «L>» Increase by # of Steps
<> Pun-Time Screen Plotting 0N
<N> Humber of Steps = 81032
<> Steps per ADC = 10
£Z» Steps per Second = 250
<0> Pun-Time save to Disk 0FF
“B> ADC Fain = 1

Current ADC raw reading [ 0 - 4095 1 = -1

Figurel TheMain Menu for the program MICHELSN.



To produce an action type the letter
between < and >, for example to quit the
program type Q or q. The six primary
actions are listed in two columns near the
top of the screen and various run options are
listed below. Some run options are toggled
on or off by typing the associaed key. The
SiX primary actions are:

<R>Run

This action cause the stepping motor
to be driven and the voltage from the
photodiode to be read into the
computer by the ADC. Thedirection
and length of the motion and the
timing of the ADC readings are set
with options before selecting RUN.

When the <D> Run-Time
saveto Disk is selected the data goes
directly to disk and not to an array.
This data cannot be analyzed in this
program.

Note the V will cause the

RUN action to exit immedi ately.

<Q> Quit Exit the program

<A> Analyze
A Fast Fourier Transform, FFT is
preformed on the data and both the
data and its transform are displayed.
The options from this display are
discussed below.

Note data collected with the
<D> Run-Time saveto Disk option
selected canNOT be analyzed with
the <A>Analyze option.

<S> Save Data
Datais saved to afilein the form of
three columns.

<G> Get Data
Dataisretrievaed from afile

<M> Make Data
Simulated data associated with up to
10 sine wavesis created. Note <M>
to return to the main menu.

<1> Motor Only <2>Motor & ADC

Below the six primary actionsisa
line for selecting, running only the
motor or running the motor and
reading in data using the ADC.
Selecting one of these two options
deselects the other. There is a speed
advantage to Motor Only for long
position changes.

<>, <> These option single step the

stepping motor. Thisis an extremely
small motion. These options are
primarily for debugging problems
with the stepping motor drive
control.

<0O>, <P><K>,and<L> Thedirection

of the motion, increasing or
decreasing the length of the one
optical pah is controlled by the next
four options. The other aspect of
these four optionsisif the motor
runs for afixed number of steps (set
with the <N> Number of Steps
option) or the motor just runs until
the user stops by pressing theV key
during the run. Selecting any one of
these four options deselects any of
the other three.

<W> Run time screen plotting

Usually left on.

<N> Number of Steps

When the options to increase or
decrease by a number of stepsis
selected (<K > or <L >), this options
allows one to set the number of
steps.

Note the total number of
ADC readings (data pointsto be
Anayzed) must be less than 8192.
The program makes some attempt to
prevent the user from specifying
more ADC reading but “let the user
beware.”



<X> Stepsper ADC
Basically, this option allows the user
to set the distancethe optical path
length has changed between reading
thelight intensity usingthe ADC. If
this number istoo small, the total
distance that theoptical path length
can change will be limited ( see the
discussion above under the <N>
Number of Stepsoption. If this
number istoo large, the shape of the
waveform will not be correctly
recorded and the data will be useless.
(Recall the problems of selecting the
samples per second in the
FFT/Sound experiment.)

<Z> Steps per second
This option allows theuser to
determine how quickly in time the
optical path length changes.
Technically, this option set a delay
time between steps, but additional
delays occur when the ADC isread.
Thus the select steps per second will
be greater than the actual steps per
second.

There is a maximum number
of steps per second that the motor
can be driven before it starts to drop
steps. This maximum is 250 Steps
per second.

<D> Run-Time saveto Disk
This option bypasses to normal use
of arraysto store the data. Because
of limits on the maximum size of
arrays, this option allows the user to
collect very large data set (i.e.
greater than 8192). But this data
canNOT be displayed or analyzed
with the built in <A> Analyze
option.

The user will be asked for the
number of ADC reads and the name
of the file after <R> Run is pushed
but before data is collected.

<G> ADC Gain
This option allows the user to select
the gain or amplification, or basically
afactor to multiply the voltage signa
from the photodiode by before
preforming theADC read. Thisis
important with low light signals so
that the majority of the input rangeis
used. Analyzing asignal the varies
between 1 and 4 is more difficult
than analyzing asignal that varies
between 20 and 2000.

At the bottom of the main menu
screen is the current reading of the ADC.
This can be useful in checking to operation
and position of the photodiode, and selecting
the gain of the ADC. The maximum reading
IS 4096 and the minimum is 0.

Data Analysis and Display Options

When one selects the <A> Analyze
action, the screen shown in figure 2 will be
displayed. Whilein this screen a number of
graphing option are available to the user. It
is suggested that the user practice on non-
critical data such as data produced using the
Make Datain the Main Menu..

On the SIGNAL plot, the horizontal
axisisin channelswhich are ADC’ s not
stepping motor steps.

For the FFT plot, the values on the
horizontal scaleisa“frequency”,f This
number is twice the number of cycles
observed in the data. For example, if the
only frequency value, f , was 6, then the
datawould be a sine wave that completes 3
cycles or periods across the length of the
dataset. A cycle corresponds to the detector
seeing its spot on the light pattern go from
bright to dim and back to bright.



To convert these numbers to what
corresponds to something real do the following.
First divide fNby 2 to get N;o;,, Which isthe number
of cyclesof this“frequency”’ in the data set..

N

TOTAL ~ 5

Next convert thisto S, the number of
stepping motor steps per cycle, by dividing the total
number of steps taken in this data set, by the N;gra,
( If one wantsto compare with the on-screen plot of
the raw data, divide the total number of ADC

ra:“ngs by NTOTAL')

Total Number of Steps

N TOTAL

S:

Finally convert to the D, the distance that the
mirror moves for one cycle ( bright-dim-bright). Do
this using the mechanical conversion of the drive,
which should be in millimeters per step, that is

D = § o Millimeters per Step.
Finaly,

2 o # of Steps * Millimeters per Step
n .

D:

If the Fourier transform is“clean,” one can
use this method to quickly determine the distance the
mirror must move to cause ta spot on the pattern of
light to go for bright to dim and back to bright.

If the Fourier transform isnat “clean,”it is
probably better ook at the rav data and to simply
count N - Which isthe total number of cyclesin
the data set.

At the bottom of the screen are four
important keys. Thefirst, <M> Main Menu
allows one can return to the main menu by
selecting it and then selecting the <M >
Main Menu option in the table of the data.

There are anumber of options for
scaling the graphs. By default these options
apply to the top plot, but this can be toggled
to the bottom plot with the <B> Bottom
Plot key. The adive plot can be returned to
the top using the <T>Top Plot option that
occurs when the bottom plot is active.

The scaling optionsinclude selecting
the maximum and minimum for the
horizontal <X> and vertical <Y> scales.
These values can be typed in or selected
with the mouse. Both horizontal and
vertical scales can be doubled ( <1> <H>)
halved (<2>,<D>), or restored to the original
defaults (<0>,<0>) The horizontal scale can
be dlide left <L > and right <R>.

The screen with the plots can be
screen dumped using <+> Screen Dump
option. This screen dump activates a
network remote print. The output isto a
printer in the main part of PAS 246. The
<$>Signal Printer Plot optionissimilar
but it expands the display of the data, and
will automatically print multiple screensiif

necessary.
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Figure 2 The dataanalys sand display screen reached from the main menu by <A> Analyze.
One can return to the main menu using <M>.



