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PHYS 371

1. Measurements

1. Evolution of Measurement Techniques

2. Quantify and Analyze
2. Voltage

1. Analog/Digital

2. Voltage Divider

Learn the tools of experimental physics:

1. Interface with the nature world using digital and analog technologies.
2. Use that interface to do some physics

More specifically:

1. Learn some coding (Arduino, Python/Colab/Jupyter)

2. Learn some circuits (Prototyping and basic circuit design)
3. Deal with data (Python/Colab/Jupyter)

4. Express your scientific thought (LaTeX)

|. Measurements

l

|.I Evolution of Measurement Techniques

For centuries, all experimental science (if you could call it that) was done using our
senses: sight, hearing, touch, taste, smell. The obvious drawback is that our senses
are all different, and not very constant over time. What's heavy to me, might be light
to you. Using your fingers to measure the temperature of water obviously will yield

different results depending on what your fingers where touching before they
opticnerve - measured the water, and you might only have about 3 different temperatures for your

aqueous scale: hot, regular, cold.
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The Earliest Measurement Tool

The first solution was to try and improve the senses by using technology. The
telescope gave us a different set of lenses than evolution. By sacrificing field of view,
a simple lens system can greatly improve angular resolution.

Early 1600's painting featuring a

telescope.
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On the telescopes in the paintings of J.
Brueghel the Elder,
https://arxiv.org/abs/0907.3745
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Galileo's Drawing of the moon as seen
through a telescope, 1610

The Face of the Moon

Hooke's Micrographia was among the
first to attempt science using a
microscope, 1665.

Hooke's Micrographia: Image Source

1.2 Quantify and Analyze
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Cassini's version from 1692

The Face of the Moon

An ant

Hooke's Micrographia: Image Source

New discoveries quickly followed. Galileo
could make the claim that the moon was
not a perfectly smooth object, but in fact
had mountains and craters, not unlike
Earth.

And small scale structures were resolved
by a similar configuration of polished
glass. Microscopes opened up the world
that was closer, but too small to resolve

with our own eyes.

The next step is to turn these qualitative observations into information that can be merged with mathematics. Hence, a table of

data. Here is the table of fixed stars by Tycho Brahe and Johannes Kepler. A very detailed and accurate list of stellar positions.


https://arxiv.org/abs/0907.3745
https://moon.lindahall.org/index.html
https://moon.lindahall.org/index.html
https://www.sl.nsw.gov.au/blogs/drawings-through-microscope-1665-robert-hookes-micrographia
https://www.rct.uk/collection/1090263/micrographia-or-some-physiological-descriptions-of-minute-bodies-made-by

Notes for Advanced Lab | - PHYS37100 - Measurements
J. Hedberg, 2023

There are many other things to measure, besides simple visual observation.

& Konark Sun Temple
3 c. 1250 AD

Balance: Met

But there are some quantities we employ in physics, that are not quite directly
measurable. Consider Force for example. How do you measure the force on an
object? You need a proxy measurement, or another quantity that has a correlation to
force. Relationships like Hooke's law are examples of that. There is a direct
relationship between the displacement of the spring, and the force acting. Thus, we
can say something about the force, by simply measuring a distance. (To have a

-

" The Power of any Spring is in ) .
he samo proportion with the calibrated measurement, we would of course need to agree on units and understand
k)
Fyp = —kz

The Cavendish experiment was able to measure the force of gravitational interaction
between two large masses by using a version of Hooke's law modified for torsion

springs.



https://www.metmuseum.org/art/collection/search/473394
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Cavendish Measurement of the
gravitational interaction.

Image Source
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A sketch from @Orsted's Notebook, c.
1820.

2. Voltage

Almost everything measured in a modern experimental physics lab is measured as a voltage.
Examples:

» Temperature: measure the voltage across a temperature dependent resistor.

« Distance: a digital caliper measures a change in capacitance by measuring V' (t)

» Magnetic Fields: Measure the Hall Voltage

« Photons: a Charge Coupled Device produces a sequence of voltage values that describe the array of pixels.

Define Voltage

void setup() {
Serial.begin(9600);

void loop() {
int sensorValue = analogRead(A0);

Serial.printin(sensorValue);

delay(1);

Primarily, what the arduino will measure is voltages.

2.1 Analog/Digital

Actually, we'll be measuring what portion of 5V is applied across the analog input.
Since it's a digital measurement (we'll come back to this), it will appear as a value between 0 and 1023.
0 means 0 V

1023 means 5 V


https://collection.sciencemuseumgroup.org.uk/objects/co54064/model-of-henry-cavendishs-torsion-balance-gravitational-apparatus-1798-gravitational-measurement-apparatus-model-representation
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This is set by the 'resolution' of the system.

2.2 Voltage Divider
The Voltage Divider circuit is the easiest way to measure an unknown resistance. It
has some limitations, but will essentially work for many applications
R,
-2 W
Ry + Ry

‘/out =

The voltage divider circuit diagram

Photograph of Arduino and Breadboard

Schematic illustration



