MSE-213
Probability and statistics for materials science

Lecture 7
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* | have measured N elements with mean x.

* | know (or assume) the standard deviation of the population (or random
process) is o.

| can assume a Gaussian/normal distribution for the means (CLT)
When is this useful?

1. Fluctuations come from a well-characterized measurement method. The object

(e.g. an atom) is considered fluctuation-free.

2. The full population is known, and | want to see if a subgroup is representative,
or significantly different.

3. Nis very large so | can assume the measured standard deviation is very close
to the real one. (more on that later)
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The z-test (Gaussian test for the mean)
* | have measured N elements with mean x.

* | know (or assume) the standard deviation of the population (or random
process) is o.

| can assume a Gaussian/normal distribution for the means (CLT)
When is this useful?

1. Fluctuations come from a well-characterized measurement method. The object

(e.g. an atom) is considered fluctuation-free.

2. The full population is known, and | want to see if a subgroup is representative,
or significantly different.

3. Nis very large so | can assume the measured standard deviation is very close
to the real one. (more on that later)

* | can only to make some probabilistic statement about the real mean p.
* Note: | can only talk about ranges, not single values.




The z-test (Gaussian test for the mean)

Two-sided questions:

| receive a molecule that is supposed to be C60. | measure the mass that deviates
from the expectation. How probable is it, that this was just because of random
deviations? [fixed deviation, search for P]
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The z-test (Gaussian test for the mean)

Two-sided questions:

| receive a molecule that is supposed to be C60. | measure the mass that deviates
from the expectation. How probable is it, that this was just because of random
deviations? [fixed deviation, search for P]

* | measure the 1Q of all people in this group and find a mean value that is not = 100.
How probable is it that this is just a random fluctuation? [fixed deviation, search for
o

| measure the size of 10000 Corona viruses. In which (centred) range is the true
mean size with 95% probability (“confidence”)? [fixed probability, search for
deviation] take o from measurement.
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The z-test (Gaussian test for the mean)
One-sided questions:

| receive a molecule that is supposed to be C60. | measure the mass that deviates
from the expectation. How probable is it, that | actually received a lighter
molecule? [fixed deviation, search for P]

* | measure the 1Q of all people in this group and find a mean value that is not = 100.
How probable is it that the group is above-average intelligence? [fixed deviation,
search for P]

| measure the size of 10000 Corona viruses. Below which size is the true mean size
with 95% probability (“confidence”)? [fixed probability, search for deviation] take o
from measurement.
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BIOMETRIKA.

THE PROBABLE ERROR OF A MEAN.

By STUDENT.

Introduction.

ANY experiment may be regarded as forming an individual of a “ population”
of experiments which might be performed under the same conditions.

A series

it B gl

e - L _,,,,E_'é,-',,;
G0 AN

g

g

.0




VoLume VI MARCH, 1908

BIOMETRIKA.

THE PROBABLE ERROR OF A MEAN.

By STUDENT.

Introduction.

ANY experiment may be regarded as forming an individual of a “ population”
of experiments which might be performed under the same conditions.
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The t-test (Student’s t-test)



The t-test (Student’s t-test)

* | have measured n elements with mean x.
| can assume a Gaussian/normal distribution for the means (CLT)

« | DO NOT know the standard deviation of the population (or random
process) and will estimate it from the sample standard situation, and n is
not large



The t-test (Student’s t-test)

Compared to the z-test, would expect the resulting
interval at a given P=99% to be...

Larger
@ Same
Smaller
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