PHYSICS 2DL - SPRING 2010

Prof. Brian Keating
Mayer Hall Annex 5621

* Considered by many to be the first
really fun class in physics!




Today's Plan

@ Highlights of the course syllabus
@ Grading
o Textbook and Homework

© Introduction to Error Analysis or:
“How to a Nobel Prize..”

Rough Schedule

o Last day to add a class: Friday, April 9

o Last day to drop a class w/o an F: Friday, May 28 [7]
CHECK

© Memorial Day, no lecture Monday May 31




Labs Done This Quarter

A. Using lab hardware & software
Analog Electronic Circuits (resistors/capacitors)

Then, in no particular order:

Interference of light

Charge to mass ratio of the electron
lectron-atom scattering

lectron-diffraction
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Experiments which helped
davelop the lundamentals
ol quantum thecry.
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Labs Done This

Interference: Coherence Properties of light

Electron-atom scattering interaction of light
and matter

Electron-diffraction: wavelike properties of
matter

Max Planck on
Experimentation

“An adult will perform an experiment and, if the
results conform fo their predictions, they will
move on.

A child will repeat the experiment, again and again,
Jjust to have a taste of the initial thrill felt when
the experiment was first performed.”




Reports

Recommendations




® Policies ®

o Missed labs: Data CAN'T be copied!

o Avoid missing labs at all costs! If you
must miss one, please email me and your
TA to schedule a make-up.

® Must attend make up lab, take data
YOURSELF, and write up labs. Missing,

Copying data and/or reports will result
in O points for that lab.

un

Lab Manual

Download from 2DL website

Printout before each lab.




TEXT

AN INTRODUL TION YO
Error Analysis

“Introduction to Error
S Analysis”, by Taylor
No experimental information
but good intro on how to
handle data once your
experiment produces some...
Full of Homework problems and
helpful examples

Homework

© Problems listed on 2DL Spring 2010 syllabus.
¢ All problems are found in Taylor

¢ Hand-in HW to TA in Lab as on schedule




Grading

Lab Work 65%

Homework 10%

Each Lecture Class

o Statistics
o Intros to experiments (2" and 3™ weeks)
You start doing the labs in week 4.

o Example problems, where appropriate




Spring 2010 Lab TAs - Physics 2DL

Wednesday Thursday
Monday 1 - 1:50pm  Tuesday 12:30-3:20 1:00-3:50 12:30-3:20

Labs in Mayer Hall Annex




Maria Mayer

What do you need?

o Introduction to the experiments (2" and 3™
weeks)

o You start doing the labs in week 4.
© Buy 2 Notebooks (lab): Same as 2CL




Experiments by Richard ~ 1C—
Feynman (9/26/1961)

o Test of all knowledge. sole judge of ——— n e
‘truth’. Everyfhir:%?s always jt?;ged by 7

experimental fru

¢ Experiments give ‘hints’ of scientific laws i

Harder than theory in many ways.

¢ Experimenfs provide dafa. Then you revise
theory, then reftest with new experiment

o Theory: imagine, quess at laws of nature.
Of’mrrlxwrong'. o

¢ Experiments: Rarely wrong. How can it be
wrong? Only by being inaccurate. Example:
spinnin? top. Mass constant for low
speed. 100 miles/second, mass changes
less than 1 part in 1,000,000.

a

ERROR ANALYSIS

Quantifying uncertainty in experimental
measurements is the difference between science and
fortune telling!

Crucial for all areas of science :
Physical Science
Biological Sciences -~ Epidemiology
Social Science -~ Psychology

Engineering




What is “Error Analysis”?

a. Precislon. This is a measure of
repeatability, i.e. the degree of
agreement between individual
measurements of a set of
measurements, all of the same

quartity.

b. Accuracy. This is a measure of
refiability, and is the difference
between the True Value of a
measured quantity and the Most
Probable Value which has been
derived from a series of
measures. The True Value s, of
course, never Known.

c. Resolution. This is the smallest
interval measurable by an
instrument.

Types of Errors

Blunders - These may occur at any time, and are coused by
carelessness on the part of the observer, e.g. mis

Instrument, incorrect boo Incorrect computer input, efc. Nundcrs
wrlslcli ;lwm occur sooner or later, but must never be allowed to occur
undetected.

Systematic Errors - Errors of varying magnitude but constant sign,
eg misalignment of a fape.

Random Errors - These are all the remaining errors, are of varying

gn and ma?nl and do not obey a systematic law. They are
usualty small, equally likely to be positive or negative, and are
numerous. They will always be present h:‘? servations and are
caused by imperfections in the observer instrument, and by
varying conditions for the cbservations.

pos




Physical Measurements

Treatment of Errors

+ Constant and Systematic Errors are of fixed
si%n. They are therefore particularly troublesome
in afmzﬁ and leveling. Even if the errors are very
small, they are cumulative and can easily

become significant. Their effect cannot be

reduced by repetition of observations.

* Periodic and Random Errors are of varying
sign. Their effect is therefore reduced by taking
the mean of repeated observations. No matter
how large they are in each observation, the
mean can be made more precise by taking more
observations.

26




Correctable Errors

Random Errors
Measurements must be normally distributed

Each measurement is independent of any others in the
data set

Accurate determination of standard error may not be
possible for small datasets.

Ct teriatics:

Small errors occur frequently and are therefore more
probable than large ones.

Large errors happen infrequently and are therefore less
probable; very large errors are likely to be blunders
rather than random errors.

Positive and negative errors of the same size are equally
probable and happen with equal frequency.

27

Random Errors: Reduction in
noise with multiple samples
| 10
) *o
a) single measurement b) five measurements

1] 1]
10
) thirty measurements




And now....

* My nightmare....
“How to lose and win a Nobel Prize...”
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Science “Lost in the Noise" ...in 2 different ways!

THE COSMIC MICROWAVE BACKGROUND 'a
RADIATION

* AKA. the "3K BACKGROUND" - LOWEST
TEMPERATURE IN INTERSTELLAR or
INTERGALACTIC SPACE.

*HEAT LEFT OVER FROM THE BIG BANG

¢.
¢-

e
-

1% of static noise on
TV...not cable!




A Lon

Current Universe
Earliest Detected Galaxies Anis i

-
L - 15 Gyrs

| H-e combine

| CMB freely propagates
Isotropic
~300,000 yrs

inflation?

GUT Epoch? : ¢

~10"g & — .
maLt Cosmic Microwave Background
* The oldest photons in the universe
Nucleosynthesis | = Extremely uniform

D, 3He, 4He, & LI Form * Anisotropy, polarization, & spectrum
=L probe cosmology

Observational Preliminaries: Resistor in an oven

*Random moticn of electrons produces
altemating current/voitage

«Higher temperature, higher AC voitage .




The Telescope

Like a xg
magnifying
glass or
funnel

Exactly the Way ‘Good Science’ is Done
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Bell Labs (now Lucent)
Crawford-Hill, NJ in the1960’s
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“ o b o LAALK Sew s
Yo+ AP - Penzas &
fres Cold tans immagade .38 e u o Wilson (1085)
What was the result? a7

LESPRIX NOBEL

1978

NOMALS
AISAIONLSY

......................

725,000 Swedish Crowns in 1978 = $100K, $1.3 M teday!




